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PYRIMIDINE COMPOUNDS 



.The invention relates to pyrimidine derivatives, or pharmaceutical^ acceptable salts or 
in vivo hydrolysable esters thereof, which possess cell-cycle inhibitory activity and are 

5 accordingly useful for their anti-cancer (such as anti-cell-proliferative, anti-cell migration 
and/or apoptotic) activity and are therefore useful in methods of treatment of a warm-blooded 
animal, such as man. The invention also relates to processes for the manufacture of said 
pyrimidine derivatives, to pharmaceutical compositions containing them and to their use in 
the manufacture of medicaments or use in the production of an anti-cancer 

10 (anti-cell-proliferation/migration and/or apoptotic) effect in a warm-blooded animal such as 



man. 



A family of intracellular proteins called cyclins play a central role in the cell cycle. 
The synthesis and degradation of cyclins is tightly controlled such that their level of 
expression fluctuates during the cell cycle. Cyclins bind to cyclin-dependent serine/threonine 
1 5 kinases (CDKs) and this association is essential for CDK (such as CDK1 , CDK2, CDK4 
and/or CDK6) activity within the cell. Although the precise details of how each of these 
factors combine to regulate CDK activity is poorly understood, the balance between the two 
dictates whether or not the cell will progress through the cell cycle. 

The recent convergence of oncogene and tumour suppresser gene research has 
20 identified regulation of entry into the cell cycle as a key control point of mitogenesis in 
tumours. Moreover, CDKs appear to be downstream of a number of oncogene signalling 
pathways. Disregulation of CDK activity by upregulation of cyclins and/or deletion of 
endogenous inhibitors appears to be an important axis between mitogenic signalling pathways 
and proliferation of tumour cells. 
25 Accordingly it has been recognised that an inhibitor of cell cycle kinases, particularly 

inhibitors of CDK2, CDK4 and/or CDK6 (which operate at the S-phase, Gl-S and Gl-S phase 
respectively) should be of value as a selective inhibitor of cell proliferation, such as growth of 

mammalian cancer cells. 

Furthermore, it is believed that inhibition of focal adhesion kinase (FAK), which is 
30 involved in signal transduction pathways, induces apoptosis (cell-death) and/or inhibits cell 
migration and an inhibitor of FAK may therefore have value as an anti-cancer agent. 
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The present invention is based on .he discovery ,ha. certain 2,4-pyrimidine compounds 
surprising* inhibit the effects of cel. cyc.e kinases showing selectivity for CDK2, CDK4 and 
CDK6 and also inhibit FAK and thus possess anti-cancer (anti-cell-migration/proltferatton 
and/orapoptotic) properties. Such properties are expected ro be of value in the treatment of 

5 disease slates associated with abertan, cell cycles and cell proliferation such as cancers (sohd 
tumours and leulcemias), fibmproliferauve and differentiate disorders, psoriasis, rheumatotd 
arthritis, Kaposi's sarcoma, haemangioma, aeute and chronic nephropathies, atheroma, 
atherosclerosis, artenal — s, autoimmune diseases, acute and chronic inflammatton, 
bone diseases and ocular diseases with retinal vessel proliferation. 

10 According to .he invention .here is provided a pyrimidine derivative of the fonnula 

(I): 




wherein: f 
15 q and Q, are independent selected from ary. o, carbon hnked he.eroaryl; and on. of 

X or both of Q, and Q, is subs,i.u.ed on a ring carbon by one subs.i.ue„. of .he 



Q, and Q, 
formula (la): 

Y 1 Y 2 



m 



(CH 2 )f ^(CH 2 ); 
(la) 

20 fer ovidedthat W henpresentin Ql thesubstit U entoffo^ 
link]; 

Wherei X is -CH 2 -, -0-, -NH-, -NR°- or -S- [wherein R> is C,,alkyl, optionally substituted by 
one substituent selected from halo, amino, cyano, C,,alkoxy or hydroxy]; 
25 Y 1 is H, C M alkyl or as defined for Z; 
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Y 2 is H or C M alkyl; 

Z is R b O-, R c R d N-, RS-, R f R*NNR\ a nitrogen linked heteroaryl or a nitrogen linked 
heterocycle [wherein said heterocycle is optionally substituted on a ring carbon or a ring 
nitrogen by C„alkyl or C.alkanoyl] wherein R* R, R'. R'. ^ V and R> are independently 
5 selected from hydrogen, C M alkyl, C 2 ,alkenyl, C, s cycloalkyl, and wherein said C,,alkyl and 
C M alkenyl are optionally substituted by one or more phenyl; 
ii is 1,2 or 3; 
mis 1,2 or 3; 
G is -0- or -S-; 

10 R' is selected from hydrogen, halo, hydroxy, nteo, amino, N-(C,,alkyl)amino, 

WMHC, .alkyljamino, cyano, trifluoromethyl, trichloromemyl, C,,alkyl [optionally 
substituted by 1 or 2 substituenta independently selected from halo, cyano, am.no, 
N-(C, ,alkyl)ami»o, W .di-(C,.,alkyl)ammo, hydroxy and trifluoromethyl], C,,alkenyl 
[optionally substituted by up to three halo substituents, or by one trifluoromethyl subsftuentl, 
15 C, ,alkynyl, C, .alkoxy, mercapto, C,,alkyMphanyl, carboxy and C.alkoxycarbonyl; 

Q, is optionally substituted on a ring carbon by one to four suba.in.ents independently 
selected from halo, mercap.o, ni.ro, fomtyl, fotmamido, carboxy, cyano, ammo, urerdo, 
carbamoyl, sulphamoyl, C M alkyl, C M alkenyl, C„a.kynyl [wherein said C M alkyl, C„a.kenyl 
and C„alkvnyl are optionally substituted by one or more groups selected from R% 
20 C M alkanoyl, C M alkoxycarbo„yl, heterocyclic gmup, C M alkylS<0). wherein a is 0 to 2 
[optionally subsn.u.ed by hydroxy], tf.(C„a.k y l)ure.do, ^KC M alkyl)ureido, 
^C M aMWC,..alkyl^ 

NW-di<C M alkyl)amino,N-(C M alkyl)sulphamoyl,Wdi-(C, J alkyl)sulphamoyl, 
MC M alkylcarbamoyl, W di-(C„alkyl)carbamoyl and C M alkanoylamino; 
25 aud also independently, or in addition to, the above suhstituents, Q, may he opt.ona.ly 

substituted by one to two substituents independently selected from aryl, Cj .,cycloa,kyl and a 
heterocyclic group; wherein said aryl, C„cyc.oa,kyl or heterocyclic group may be optionally 
substituted on a ring carbon by one or more groups selected from R J ; and wherein if sa,d 
heterocyclic group contains an -NH- moiety mat n.trogen may be optionally substituted by a 

30 group selected from R k ; 

Q, is optionally substituted on a ring carbon by one to four subs.iti.ents mdependen.ly 
selected from halo, hydroxy, mercap.o, nitro, fomtyl, fomramido, carboxy, cyano, ammo, 
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ureido, carbamoyl, sulphamoyl, C M alkyl, C w alkenyl, C M alkynyl, C, 4 alkoxy [wherein said 
C M alkyl, Calkenyl, C, 4 alkynyl and C,,alkoxy are optionally substituted by one or more 
groups selected from R 1 ], C^alkanoyl, C M alkoxycarbonyl, heterocyclic group, C M alkylS(0), 
wherein a is 0 to 2 [optionally substituted by hydroxy], AMC M alkyl)ureido, 
5 N' JV-di-(C, 4 alkyl)«reido, ^-(CMalkyD-^CC.^lkyDureido, 

AT^-di-(C M alkyl)-iV-(C M alkyl)ureido ) iV-C.alkylamino, MM-(C M alkyl)amino, 
AT-(C, 4 alkyl)sulphamoyl, ^-di-CC^alkyDsulphamoyl, tf-C M alkylcarbamoyl, 
^-dHC^alkyDcarbamoyl, C 2 ,alkenyloxy, C, 4 alkynyloxy, C M alkanoylamino and a group 

of formula (la) or (la') as depicted above; 
10 and also independently, or in addition to, the above substituents, Q 2 may be opuonally 

substituted by one to two substituents independently selected from aryl, C, 8 cycloalkyl or a 
heterocyclic group; wherein said aryl, C 3 . 8 cycloalkyl or heterocyclic group may be opUonally 
substituted on a ring carbon by one or more groups selected from and wherein if sa ld 
heterocyclic group contains an -NH- moiety that nitrogen may be optionally subsUtuted by a 

1 5 group selected from R n ; 

R ' a nd R 1 are independently selected from hydroxy, halo, amino, cyano, formyl, 
formamido, carboxy, nitro, mercapto, carbamoyl, sulphamoyl, N-C M alkylamino, 
^^di-(C M alkyl)amino, C,,alkanoyl, C M alkanoyloxy, C,. 4 alkoxy, CMalkoxycarbonyl, 
tf-C M alkylcarbamoyl, W-di-(C M alkyl)carbamoyl, CMalkanoylamino, C^y^O), 
20 wherein a is 0 to 2, C M alkylsulphonylamino, iV-(C M alkyl)sulphamoyl, 

Ar-(C M alkyl),sulphamoyl, ^C M alkyl)caibamoyl, *-(C M alkyl) 2 carbamoyl, phenyl, 
phenylthio, phenoxy, C^cycloalkyl and a heterocyclic group; wherein said phenyl, 
phenylthio, phenoxy, C 3 . 8 cycloalkyl or heterocyclic group may be optionally substituted on a 
ring carbon by one or more groups selected from R-, and wherein if said heterocyclic group 
25 contains an -NH- moiety that nitrogen may be optionally substituted by a group selected from 
R p " 

Ri R" and R° are independently selected from hydroxy, halo, amino, cyano, formyl, 
formamido, carboxy, nitro, mercapto, carbamoyl, sulphamoyl, C M alkyl [optionally substituted 
by one or more groups selected from halo, cyano, amino, yV-C M alkylammo, 
30 /^-di-(C M alkyl)amino or hydroxy], C w alkenyl [optionally substituted by one or more 
groups selected from halo], C M alkynyl, *-C M alkylamino, N,M-(C M alkyl)ammo, 
C M alkanoyl, C M alkanoyloxy, C.alkoxy [optionally substituted by one or more groups 
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selected from halo], C,,alkoxyearbonyl, N-C M alkylearbamoyl, W , N -dKC.,a 1 kyl)ca,bamoyl, 
C, .alkanoylamino, C M alkylS(0), wherein a is 0 to 2, C M alkylsu1phonyUmino, 
A,.(C„alkyl)sulphamoyl, N -(C M a.ky.) 1 sulphamoy., phenyt, C,.eyoloa.ky. and a heterocyoho 

group; and 

5 R\ R" and R p are independently selected from C,. 4 alkyl, C M alkanoyl, 

C, 4 alkylsul P honyl, C M alkoxycarbonyl, carbamoyl, 7V-(C M alkyl)carbamoyl, 
MN-(C,.alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl; 
or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

"Aryl" is a fully or partially unsaturated, mono or bicyclic carbon nng that contains 
10 4-12 atoms. Preferably "aryl" is a monocyclic ring containing 5 or 6 atoms or a bicyclic ring 
containing 9 or 10 atoms. More preferably "aryl" is phenyl, naphthyl, tetralinyl or indanyl. 
Particularly "aryl" is phenyl, naphthyl or indanyl. More particularly "aryl" is phenyl. 

A "carbon linked heteroaryl" is a fully unsaturated, 5- or 6- membered monocychc 
ring or 9- or 10- membered bicyclic ring of which at least one atom is chosen from nitrogen, 
1 5 sulphur or oxygen. This ring is linked via a carbon atom to the -NH- (for Q.) or G (for Q 2 ). 
Preferably "carbon linked heteroaryl" is furanyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, 
thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, furazanyl, triazolyl, thiadiazolyl, pyndyl, 
pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, indolyl, qumolyl or benzimidazolyl. More 
preferably "carbon linked heteroaryl" is pyridyl, thiazolyl or pyrazolyl. Particularly "carbon 
20 linked heteroaryl" is pyridyl. 

A "heterocyclic group" is a saturated, partially saturated or unsaturated, mono or 
bicyclic ring containing 4-12 atoms of which at least one atom is chosen from nitrogen, 
sulphur or oxygen, winch may, unless otiose spec.fied, be carbon or nitrogen linked, 
wherein a -CH 2 - group can optionally be replaced by a -C(O)-, and a nng sulphur atom may 
25 be optionally oxidised to form S-oxide(s). Preferably a "heterocyclic group" is pyrrohdmyl, 
morphol.no, pipendyl, pyridyl, pyranyl, pyrrolyl, isothiazolyl, indolyl, qumolyl, thienyl, furyl, 
1 3-benzodioxolyl, thiadiazolyl, piperazinyl, thiazolidinyl, pyrrolidinyl, thiomorphohno, 
pyrazolyl, pyrrolinyl, homopiperazinyl, tetrahydropyranyl, imidazolyl, pyrimidyl, pyrazmyl, 
pyridazinyl, isoxazolyl, 4-pyridone, 1-isoquinolone, 2-pyrrolidone, 4-thiazolidone, 
30 imidazo[l,2-a]pyndine or 3-aza-8-oxab 1C yclo[3,2,l]hexane. More preferably a "heterocychc 
group" is pyrrolidinyl, morpholino, pipendyl, indolyl, thienyl, furyl, piperazinyl, 
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thiomorpholino, pyrazolyl, imidazolyl, 2-pyrrolidone, imidazo[l,2-a]pyridine or 
3-aza-8-oxabicyclo[3,2,l]hexane. 

A suitable value a "nitrogen linked heteroaryl" is a mono or bicyclic ring that has a 
degree of unsaturation, containing 4-12 atoms, at least one of which is selected from nitrogen, 

5 and optionally 1-3 further atoms are selected from nitrogen, sulphur or oxygen, wherein a 
-CH 2 - group can optionally be replaced by a -C(O)-, and a ring sulphur and/or nitrogen atom 
may be optionally oxidised to form S-oxide(s) and/or an N-oxide. Suitably "nitrogen linked 
heteroaryl" is a monocyclic ring containing 5 or 6 atoms or a bicyclic ring containing 9 or 10 
atoms. The nitrogen link results in a neutral compound being formed. Suitable values for 

10 "nitrogen linked heteroaryl" include imidazol-l-yl, pyrrolin-l-yl, imidazolin-l-yl, 
pyrazolin,l-yl, triazol-l-yl, indol-l-yl, isoindol-2-yl, indolin-l-yl, benzimidazol-l-yl, 
pyrrol-l-yl or pyrazol-l-yl. Preferably "nitrogen linked heteroaryl" is imidazol-l-yl. 

A suitable value a "nitrogen linked heterocycle" is an unsaturated mono or bicyclic 
ring that contains 4-12 atoms, at least one of which is selected from nitrogen, and optionally 

15 1-3 further atoms are selected from nitrogen, sulphur or oxygen, wherein a -CH 2 - group can 
optionally be replaced by a -C(O)-, and a ring sulphur may be optionally oxidised to form 
S-oxide(s). Suitably "nitrogen linked heterocycle" is a monocyclic ring containing 5 or 6 
atoms or a bicyclic ring containing 9 or 10 atoms. Suitable values for "nitrogen linked 
heterocycle" include pyrrolidin-l-yl, piperidino, piperazin-l-yl, morpholino, thiomorpholino, 

20 homopiperidin-y-1 or homopiperazin-l-yl. Preferably a "nitrogen linked heterocycle" is 
pyrrolidin-l-yl, piperazin-l-yl or morpholino. More preferably a "nitrogen linked 
heterocycle" is pyrrolidin-l-yl or piperazin-l-yl. 

In this specification the term "alkyl" includes both straight and branched chain alkyl 
groups but references to individual alkyl groups such as "propyl" are specific for the straight 

25 chain version only. An analogous convention applies to other generic terms. "Halo" is fluoro, 

chloro, bromo and iodo. 

Examples of C^alkenyl are vinyl and allyl; examples of C 26 alkenyl are C 3 . 5 alkenyl, 
vinyl and allyl; an example of Cj. 6 alkenyl is allyl; an examples of C^alkynyl are C 3 . 5 alkynyl 
and propyn-2-yl; examples of C 2 . 4 alkynyl are ethynyl and propyn-2-yl; examples of 
30 C^alkynyl are ethynyl and propyn-2-yl; examples of C^alkanoyl are acetyl and propionyl; 
examples of C,. 4 alkoxycarbonyl are C,. 3 alkoxycarbonyl, methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl and /err-butoxycarbonyl; examples of C^alkylene are methylene, ethylene 
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and propylene; examples of C M alkyI are C^alkyl, methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl and fert-butyl; examples of C,. 6 alkyl are methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, .sec-butyl, /err-butyl and 3-methylbutyl; examples of C M aIkoxy are 
C.jalkoxy, methoxy, ethoxy, propoxy, isopropoxy and butoxy; an example of C M alkenyloxy 
5 is allyloxy; an example of C^alkynyloxy is propynyloxy; examples of C M alkylS(0) a 

wherein a is 0 to 2 are C^alkylsulphanyl, methylthio, ethylthio, propylthio, methylsulphinyl, 
ethylsulphinyl, propylsulphinyl, mesyl, ethylsulphonyl and propylsulphonyl; examples of 
/V-C M alkylcarbamoyl are W-methylcarbamoyl, W-ethylcarbamoyl and TV-propylcarbamoyl; 
examples of AyV-di-CQ^alkyO-carbamoyl are A/,A/-dimethylcarbamoyl, 
10 W-ethyl-W-methylcarbamoyl and A^V-diethylcaibamoyl; examples of iV-C^alkylamino are 
N-(C,. 3 alkyl)amino, methylamino, ethylamino and propylamino; examples of 
W-di-(C w alkyl)amino are ^-di-(C t . 3 alkyl)amino, dimethylamino, 
JV-ethyl-W-methylamino, diethylamino, ^-methyl -N-propylamino and dipropylamino; 
examples of C M alkanoylamino are acetamido, propionamido and butyramido; examples of 
15 C^cycloalkyl are cyclopropyl, cyclopentyl and cyclohexyl; examples of C.^alkanoyl are 
acetyl and propionyl; examples of C M alkanoyloxy are acetyloxy and propionyloxy; examples 
of JV-(C,. 4 alkyl)ureido are AT-methylureido and /V-ethylureido; examples of 
iVyV'-dHC^alkyOureido are /V'.AT'-dimethylureido, /V',Ar'-diisopropylureido and 
A/'-methyl-A^'-propylureido; examples of AP-(C M alkyl)-iV-(C M alkyl)ureido are 
20 W-methyl-N-ethylureido and W-methyl-N-methylureido; examples of 

A^',A^'-di-(C M alkyl)-^-(C M alkyl)ureido are N'./V'-dimethyl-Af-ethylureido and 
A/'-methyl-Ar'-propyl-A/-butylureido; examples of /V-(C,. 4 alkyl)sulphamoyl are 
N-methylsulphamoyl and /V-isopropylsulphamoyl; examples of 
7V^V-di-(C M alkyl)sulphamoyl are N-methyl-A/-ethylsulphamoyl and 
25 N ^-dipropylsulphamoyl; and examples of C^alkylsulphonylamino are mesylamino, 
ethylsulphonylamino and propylsulphonylamino. 

A suitable pharmaceutical^ acceptable salt of a pyrimidine derivative of the invention 
is, for example, an acid-addition salt of a pyrimidine derivative of the invention which is 
sufficiently basic, for example, an acid-addition salt with, for example, an inorganic or 
30 organic acid, for example hydrochloric, hydrobromic, sulphuric, phosphoric, trifluoroacetic, 
citric or maleic acid. In addition a suitable pharmaceutical^ acceptable salt of a pyrimidine 
derivative of the invention which is sufficiently acidic is an alkali metal salt, for example a 
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sodium or potassium saU, an Mine earth metal sa„, fot examp.e. a calcium or magnesium 
salt an ammonium sal. or a sah with an organic hase which affords a physiologically 
acceptable cation, for example a sal. with mdhylanune, d.tnethylamine, trime.hy.am.ne, 
piperidine, mofpholine or ms-(2-hydroxyethyl)amine. 

The compounds of the formula (I) may be administered in the form of a pro-drug 
whi c h is broken down in the human or animal body to give a compound 
Examples of pro-drugs include in vivo hydro.ysnble esters of a compound of the form la (I). 

■ An in vivo hydrolysable ester ofa compound of me formula (I) containing carboxy or 
hydroxy group is, for example, a pharmaceutic* acceptable ester which is hydrolysed m the 
,0 human or anima, body to produce the parent acid o, a.cohol. Suitable pharmaceutic* 
acoeptab,e esters for carboxy include C^oxymefty. esters for examp.e methoxymethyl, 
C,.a,kanoy.oxvme,hyles.er S forexamp.ep i va,oy.oxy 1 ne.hy.,ph.hand yl es.^ 
C, .cycloahtoxycarbonyioxyCalM esters fot examp.e 1 -cyc,ohexy.carbo„y,oxyethy,i 
, 3-dioxo.en-2-ony.meth,, esters for examp.e 5-memy.- 1 ,3-dioxo.en-2-ony.me,hy,; and 
,5 Q ,a,ko*ycarbo„yloxye.hy, esters for examp.e .-methoxycarbony.oxyethy. and maybe 
formed a. any carboxy group in the compounds of this invenUon. 

A, ,„ vivo hydr„,ysab.e ester of a compound of the formula (!) containing a hydroxy 
^op mcludes inorganic esters such as phosphate esters and a-acy,oxyalky> ethers and related 
compounds which as a resuU of the in vivo hydrolysis of the ester breakdown to gtve the 
20 parenthydroxy group. Examples of a-acy,oxya,ky, ethers indnde aoetoxymeftoxy and 

2 2-dimemylpropiony.oxy-methoxy. A se.ec.ion of in vivo hydrolysable es.er form.ng groups 
for hydroxy include alkanoyl, benzoyl, phenylacetyl and subs.Uu.ed benzoyl and 
pheny.ace.yl, alkoxycarbonyl (to g.ve alky, carbonate esters), dia.ky,carbamoy, and 

25 carboxyacetyl. Examp.es of substuuents on benzoyl indnde nrorpholino and piperaz.no hnked 

... i . „„„„tn the 3- or 4- position of the benzoyl ring, 
from a ring nitrogen atom via a methylene group to the 3 P 

Some compounds of the formula <I> may have chiral centres and/or geomefrrc 
isomeric centres (E- and Z- isomers), and it is to be understood that .he invention 
encompasses a„ such optica., d.astereo-isomera and geometric isomers tha, possess CDK 
30 and/or FAK inhibitory activity. 

The invenrion relates to any and all tautomeric fomts of the compounds of the formula 

(I) that possess CDK and/or FAK inhibitory activity. 
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B is a.so ,o be understood that certain compounds of the formu.a (I) ean exis, in 

so.va.ed as we,, as unso.va.ed forms such as, for examp.e, hydrated forms ; .. is «o be 
l rst ood t ba tt bemvc„ t io„encompa S sesa.,sucbso,va l edform S .bicbpo SS essCDKa„d/or 

FAK inhibitory activity. . 
5 Particu.ar preferred compounds of.be invention compnse a pynm.d.ne denvafive 

wherein R' Q„ Q„ and G have any of .he medbings defined herembefore, or any of .he 

claims or embodiments defined hereinbefore or hereinafter. 
10 Preferab.y Q, and Q, are independent* selected from phenyl, pyridy,, thtazo.y, and 

PyraZ0 'l re preferably Q, and Q, are independent* se.ec.ed from pheny. and thiazofyf. 

* another aspect of the invenfion, more preferab.y Q, and Q, are tndependent.y 
selected from phenyl and thiazo.yl, 

15 Preferably Q, is phenyl. 

Preferably Q, Is phenyl, pyridy!, thiazolyl or pyrazolyl. 
More preferably Q, is phenyl or thiazolyl. 

,n another aspect of the invention, more preferably Q, is phenyl or pyndyl. 
Preferably Q, is phenyl and Q, is selected from pheny., pyridy., thiazolyl and 

20 ^More preferably Q, is phenyl and Q, is selected from phenyl and thiaaolyl. 

„ another aspec. of .he invention, more preferably Q, is phenyl and Q, - selected 

from phenyl and pyridyl. ^ CT ^ dxl 
Preferably in the suhs.in.en, (.a), X is -0-, Y' is OH, Y> .s H, Z , R-R 

nitrosenhyC^anoyHandwhereinR-andR-aremdependently selected from hydro.en, 
C,.a,MandC M cycloa.M,nis.andn,isL 

More preferably in the subsMuent (la) X is -0-, Y is On, i 
nrethylamino, ethy.amino, isopropylam.no, ,obu„,mino, ,-bu.y.amino, dimethy.anrmo, 
30 cyc.openty.am.no, pyrrolidin-.-yl or 4-ace.y,p,peraz,n-,-yl, n is 1 and m ,s .. 
Particularly the substituen, (la) is 3-amino-2-hydroxypropoxy, 
3- m eft,y.amtao-2-„ydroxyp. W ^ 
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3-ethylammo-2-hydroxypropoxy, 3-isopropylamino-2-hydroxypropoxy, 
3.isobutylammo-2-hydroxypropox y) 3- f -but y lamino-2-hydroxypropoxy, 
3-(4-acetyl P iper aZ in-l-yl)-2-hydroxy P ropoxy, 3-cyclopentyla ml no-2-hydroxypropoxy or 
3-pyrrolidin-l-yl-2-hydroxypropoxy. 
5 More particularly the substituent (la) is 3-dimethylamino-2-hydroxypropoxy, 

3-isopropylamino-2-hydroxy P ropoxy, 3-.-butylamino-2-hydroxypropoxy or 
3-cyclopentylamino-2-hydroxypropoxy. 

Preferably the substituent of formula (la) is in ring Q,. 

Preferably when Q, is phenyl the substituent of formula (la) is in either the para- or 

1 0 meta- position relative to the -NH-. 

More preferably when Q, is phenyl .he substituent of formula (la) is in the para- 

position relative to the -NH-. 

In one aspect of the invention preferably G is -0-. 
In another aspect of the invention preferably G is -S-. 
1 5 Preferably R 1 is fluoro, chloro or bromo. 

More preferably R 1 bromo. 

Preferably Q, is unsubstituted except by the substituent of formula (la). 
Preferably Q, is unsubstituted or substituted by one ntethoxy group. 
Preferably Q ; is phenyl, 4-methoxyphenyl or thiazol-2-yl. 
20 . Therefore, in a preferred aspect of the invention .her. is provided a pyrimtdtne 
derivative of the formula (1) as depicted above, wherein: 

q and Q, are independently selected from phenyl and thtazolyl; Q, is unsubshtuKd or 
subs.tnt.Jd by one ntethoxy group; and Q, is substttuted on a nng carton by . substituent of 
formula (la, as deptoted above wherein X is -C V is OH, Y" is H, Z is «**- or a n.trogen 
25 linxed heterocyOe (wheretn said heterocycle is optionaHy substituted on a ring ntbogen by 
C M alkanoyl) and wherein * and R d are independently selected from hydrogen, C M aU=yl and 
C 3 . 8 cycloalkyl, n is 1 and m is 1 ; 
G is -O- or -S-; and 
R 1 is fluoro, chloro or bromo; 
30 or phamtaceutically acceptable sal, o, ,'„ vivo hydrolysable ester thereof. 

Therefore, in a more preferred aspect of.be invention there is provided a pyntmdtne 
derivative of the formula (I) as depicted above, wherein: 
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More preferably Q, is phenyl and Q 2 is selected from phenyl and thiazolyl; Q 2 is 
unsubstituted or substituted by one methoxy group; and Q, is substituted on a ring earbon by 
3-amino-2-hydroxypropoxy, 3-methylamino-2-hydroxypropoxy, 
3-dimethylamino-2-hydroxypropox y) 3-ethyla m ino-2-hydroxypropoxy, 
5 3-isopropylamino-2-hydroxypropoxy, 3-isobutylamino-2-hydroxypropoxy, 
3^butylamino-2-hydroxyp^^ 

3- C yclopentylamino-2-hydroxypropoxy or 3-pyrrolidin-l-yl-2-hydroxypropoxy; 

G is -O- or -S-; and 
R 1 is bromo; 

1 0 or pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

In one aspect of the invention preferred compounds of the invention are those of 
Examples 1, 6, 14, 15, 16 or 17 or pharmaceutical^ acceptable salt or m vivo hydrolysable 
ester thereof. 

In a further aspect of the invention preferred compounds of the invention include any 
1 5 one of the Examples or pharmaceutical* acceptable salt or in vivo hydrolysable ester thereof. 
Preferred aspects of the invention are those which relate to the compound or a 
pharmaceutical* acceptable salt thereof. 

A pyrimidine derivative of the formula (I), or a pharmaceutical* acceptable salt or an 
in vivo hydrolysable ester thereof, may be prepared by any process known to be applicable to 
20 the preparation of chemically-related compounds. Such processes, when used to prepare a 
pyrimidine derivative of the formula (I), or a pharmaceutical* acceptable salt or an in vtvo 
hydrolysable ester thereof, are provided as a further feature of the invention and are illustrated 
by the following representative examples in which, unless otherwise stated R\ Q„ Q 2 and G 
have any of the meanings defined hereinbefore for a pyrimidine derivative of the formula (I) 
25 and unless another substituent is drawn on ring Q, or Q 2 the ring may bear any of the 

substituents described hereinbefore (optionally protected as necessary). Where a substituent is 
drawn on ring Q„ this includes (unless stated otherwise) the possibilities of the substituent 
being on ring Q 2 in addition to, or instead of the substituent being on ring Ql . Necessary 
starting materials may be obtained by standard procedures of organic chemistry (see for 
30 example, Advanced Organic Chemistry (Wiley-Interscience), Jerry March - also useful for 
general guidance on reaction conditions and reagents). The preparation of such starting 
materials is described within the accompanying non-limiting processes and Examples. 
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Alternatively necessary slatting materials are obtainable by analogous procedures to those 
illustrated which are within the ordinary skill of an organic chemist. 

Thus, as a lutther featute of the invention mere are provided the following processes 

which comprises of> 
5 a) for compounds of formula (I); reacting a pyrimidine of formula (II): 




(ID 

wherein L is a displaceable group as defined below, with a compound of formula (III): 




H-G 

(HI) 

10 

b) reaction of a pyrimidine of formula (IV): 

L 




(IV) 

wherein L is a displaceable group as defined below, with a compound of formula (V): 



15 




NH 2 



(V) 

c) forcom P oundsofformula(I)wherenisl,2or3,m=l,YMsHandYMsOH ) NH 2 or 
by reaction of a 3-membered heteroalkyl ring of formula (VI): 
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:cH 2 ) n 



R f — X 




H 

(VI) 

wherein A is O, S or NH; with a nucleophile of formula (VII): 

Z-D 

5 ( V «) 

wherein D is H or a suitable counter-ion; 

d) for compounds of formula (I) where X is oxygen; by reaction of an alcohol of formula 
(VIII): 

[ 

.o < VII1) 

with an alcohol of formula (IX): 

(CH 2 

ax) 

e) for compounds of formula (I) wherein X is -CH 2 -, -0-, -NH- or -S-, Y< is OH, Y> is H and 
15 m is 2 or 3; reaction of a compound of formula (X): 

OH 

LgO- (CH 2 )^ C H 2 ) n 

H 



Z\ >C /OH 

"I 2 ). (CH 2 )^ 





wherein LgO is a leaving group as 



(X) 

defined below; with a nucleophile of formula (VII); 
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f) for compounds of formula (I) wherein X is -CH 2 -, -0-, -NH- or -S-; Y 1 and Y 2 are H; n is 1 , 
2 or 3 and m is 1, 2 or 3; reaction of a compound of formula (XI): 




(XI) 

5 whereinLgOisaleav^ ^ , 

g)for c 0mP oundsoffo^ 

and m is 1 , 2 or 3; reaction of a compound of formula (XII): 




(XII) 

1 0 with a compound of formula (XIII) 

Z ^(CH 2 )^(CH 2 ) n /L 
(XIII) 

wherein L is a displaceable group as defined below; 

h) for compounds of formula (I) in which Z is HS-, by conversion of a thmacetate group m a 
15 corresponding compound; 

and thereafter if necessary: 

i) converting a compound of the formula (I) into another compound of the formula (I); 

ii) removing any protecting groups; 

iii) forming a pharmaceutical^ acceptable salt or in vivo hydrolysable ester. 

Lisadisplaceableg^ 
or sulphur group, for example a chloro, bromo, methanesulphonyloxy, 
toluene-4-sulphonyloxy, mesyl, methylthio and methylsulphinyl. 

Specific reaction conditions for the above reactions are as follows:- 
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Pyridines of formo.a TO and compounds of formula (HI) may be reacted together, 
option* in .he presence of a suttabU base, for exampie an inorganic base sue* as potasstnm 
carbonate. The reaction ia prefer* earned ou, in a suitable inert so.vent or dtluent, for 
5 example dicmoromethane (DCM), aeetonitrile, butanol, tetramethylene anlphone, 

W.me.hy.pyrro.idin-2-one, and a. a temperature in the range, for example, 0 ,0 .50 C, 
conveniently at or near ambient temperature. 

Pyridines of me formu.a (II) may be prepared according to .he foflowtng scheme: 

NH 

H 2 N-CN, EtOH ' Q, ) II 

(V) v_y^N i 

H 



(HA) 



o 



..Me 



r' 

iPr 2 EtN, EtOH, A. 



10 




(ID 



POCl 3 orR'S0 2 Hal (o\ \ jC 



H 
(IIB) 



wherein R" is an optionally substituted alkyl or aryl group and L is a d.splaceable 
group as defined above. Preferably R a is methyl, ethyl or p-tolyl. 



Compounds of formula (III) are eommercially available or are prepared by processes 
known in the art. 

1 5 ^yrimidtnea of formu,a (IV) and am.tnes of formu,a (V) may be reacted .oge.her, i) in 
to presence of a suitable solvent for examp.e a ketone such as acetone or an aieohol such aa 
eth a„o, or butano, or an aromatic hydrocarbon such as tohtene or N-methyl pyrrol, .ne 
opttonaUy in me presence of a suitable acid aueh as .hose denned above (or a suttaMe Lewts 

20 acid) and at a temperature in .be range of 0°C to reflux, preferably reflnx; or 
ii) under standard Buchwald conditiona aa described above. 
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Pyridines of form* (IV) are prep«d according «o .he foUo^g scheme: 
L 

1) iPr.EtiM ,BuOH, A ; or „ 

N + (Ill) r - "" 

' ' 2) Buchwald conditions 




avA) 

wherein L is a displaceable group as defined above. 

The anilines of formula (V) are commercially available or are prepared by processes 

POCl 3 to give a compound of formula (IVA) in which L is -CI. 
^eememberedheteroalMnngsofformula^ 

are reacted together at a temperature in the range of 20» to 1 00*C, preferably 20° to 50 C, 
optionally in the presence of a suitable solvent, for example ^-dimethylformamide, 
dimethyl snlphoxide or tetrahydrofuran. 

Compounds formu,a<Vl> may be prepared according <o ,he foUowmg schemes: 

15 ^rameD: 

For compounds of formula (VI) where A is 0, and X is not carbon: 



10 
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HX. /^\ BuOH,HCl 



HX 



(IV) 



A. 




N 




(VIA) 



N N 
H 

(VIB) 



R 



G 




K,CO,,DMSO 



(CH 2 )^ 




(VI) 



The conversion of (VIB) to (VI) may also be achieved by reaction with 
Br-(CH 2 ) -CHO. or an equivalent ester, in DMF and the presence of abase, followed by 
reaction with a sulphur ylide such as (Me 2 SOCH 2 ) in an inert solvent such as THF (see 

5 scheme V). 
Scheme HV. 

For compounds of formula (VI) where A is NH, and X is not carbon: 



(VIB) 



NaOH, DMF. 




R 

r a n ' ' 

H 

(VIC) 



PhlNTs, 
MeCN, 
CuC10 4 




Ts 
i 

N 



HBr/Acetic acid ^\^ CH ^ X 




R 1 




(VI) 



H 

(V!D) 



(for PhlNTs see, for example, Te,. Le,„ 1997, 38 (39), 6897-6900; compounds of formula 
,0 (VIC) may also be oxidised ,o the epoxide using conditions similar to that in Scheme IV) 
below); 
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Scheme HI): 

For compounds of formula (VI) where A is S, and X is not carbon: 



S 

ZA 



(VIG) 



1) (EtO) 2 P(S)SBr,DCM. ^(CH 2 )^ 



2) TBAF. 



H 



(for example see Synlett, 1994, 267-268); 
5 Sterne IV): 

For compounds of formula (VI) where X is carbon 



Rb 



(ch 2 >; 




(VID-l) 




(VI) 



LiAlH 4 , THF HO^/\ 



(CH 2 ) n 




Q. 



(VIE) 



H 2 S0 4) 
A. 



^^^(CH,) 




N 



Q. 



(VIG) 




R 



N N 
H 




BuOH, (IV) " ? ^"(C H 2)n 



NH 2 



HCl.A 



1) MCPBA,DCM.or 

2) Conditions as in II) or 

3) conditions as in III). 




NH, 



(VIF) 




H 
(VI) 

wherein R 3 together with the -COO- group to which it is attached forms an ester 
moiety, for example a methyl ester or an ethyl ester. 
10 Scheme V) 

For compounds of formula (VI) wherein X is CH 2 , O, NH or S; Y 1 is OH; Y 2 is H; n is 1, 2 or 



3 and m is 1 : 
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(VIJ) is reacted with (IV) (see Scheme I) to give (VI). 

An equivalent ester of (VIH) may also be used. See also Russ. Chem. Rev. 47, 

975-990, 1978. 

5 Compounds of formula (VIH), (VII), (VIA) and (VID-1) are commercially available 

or are prepared by processes known in the art. 



10 



Process d) 

• Alcohols (e.g. phenols) of formula (VIII) and alcohols of formula (IX) can be reacted 
together under standard Mitsunobu conditions. For example in the presence of diethyl 
azodicarboxylate and triphenyl phosphine, in a suitable solvent such as dichloromethane, 
toluene or tetrahydrofuran, and at a temperature in the range of 0 to 80°C, preferably in the 
range of 20 to 60°C. Alternatively, alcohols (phenols) of formula (VIII) may be alkylated 
1 5 • with a suitable compound of formula (IX) in which the terminal hydroxy group has been 
replaced by a suitable leaving group. 

Alcohols of formula (VIII) are made according to the process in I) above for the 

synthesis of intermediate (VIB) (where X is oxygen). 

Alcohols of formula (IX) are commercially available or are made by processes known 

20 in the art. 

In a process analogous to process d), compounds in which X is -S- may be prepared by 
reaction of a compound of formula (VIII) in which the hydroxy group is -SH, with a 
compound of formula (IX) in which the hydroxy group is a leaving group such as mesylate or 
tosylate. 

25 Process e) . 

Compounds of formula (X) wherein X is -CH 2 -, -0-, -NH- or -S-; Y is OH, V is H 
and m is 2 or 3 and nucleophiles of formula (VII) are reacted together at a temperature m the 
range of 20° to 100°C, preferably 20° to 50°C, optionally in the presence of a su.table solvent, 
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for example N.Mmethyltaamide, dimethyl suboxide or tetrahydrofuran, and op.iona.ly 
in the presence of a suitable base, such as potassium carbonate. 

Compounds of formula (X) are prepared according to the following scheme (m ts 2 or 

0 V-^NH 2 THF 

(XA) 2 (XB) ■ 

THF Borane/H 2 0 2 
OH 

1) (TV) see process (b) HO (CH 2 ) m . 2 (CHj)^ ( q ) 

(X) 27LgClorLgBrineg.DCM Vj^NHj 

in presence of base l*^ 

The order of steps 1) and 2) in me final step may he reversed. A suitable base for step 
2) is triethylamine. 

Compounds of formula (XA) and (VII) are commercially available or are prepared by 
processes known in the art. For example, compounds of formula (XA) in which X is -NH-, 
,0 -O- or -S- may be prepared by morion of a compound of formula (VIA, with a suitable 
haloaldehyde or et.uiva.en, ester under standard condttions for such reactions. 
Proc ess f) 

Compounds of formula pi) and nueleophi.es of fotmula (VII) are reacted together as 

described for process e) above. 
, 5 Compounds of formula (XI) are prepared in an analogous manner to step 2) ,n the 

final step of the process for preparing compounds of formula (X) above. T*e necessary 
primal alcohol starting materials are commercially available or are prepared hy processes 
known in the art. 

PfQCCSS 

1 rvn\ onH rviin are reacted in an inert solvent such as DMF 
20 Compounds of formula (XII) and (Xlll) are reacieu 

in the presence of a base such as potassium carbonate. 



5 
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Compounds of fonnula (HQ are of .ho same generic formula as compounds of 
formula (V1B) described herein and are prepared as described for those compounds (see 
Scheme I). Compounds of formu.a (XUI) are commerce avai,ab,e or are prepared by 
processes known in the art. 

5 

^ fte compounds of fonnula (T, in which Z is SH, .he coupon of a thioacetate 
^oup in a corresponding compound is ca m ed ou. as described herein for .he convers.on of 

compounds of formula (IJ) into (IK). 
10 Suitable starting materials containing a .hioaceta.e group are prepared (mm 

asdesonbedhereinfor.heconversionofcompoundsoffonnulaaO.n.oaJ). 

Examples of conversions of a compound of formuia a) in, another compound of 

K ofonesidechainoffomtu.aa.m.oano.hersidechamoffonmulaaa, 

fM £X Tfor compounds of formula 0> where V is H and V , no, hydroxy (this reaction is 
depicted using ammonia): 



OMs 

0H NchjAqv 



Z ^-(CH 



r ^(CH,) m R . 



H / (IG) 

(IF) / Anhydrous NH i? 



DCM. 



NH, 



-(CH 2 )C TCH 2 ) n 





N N G 
H 

(IH) 




20 



or: 
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II) for compounds of formula (I) where Y 2 is H 




H 



(IP) 



PCT/GB01/00794 

WO 01/64653 . 23 - 

I, will be appreciated that these reactions are also suitable for conversion of one side 
chain of formula (la) into another side chain of formula (la). 

H, conversion of one value of R' into another value of R\ using standard techniques, for 
example, conversion of R' as hydroxy into C M alkoxy. 
5 The skiUed reader will appreciate that me manipulation of the side chain (la) desenbed 

in Processes c), d), e), 0, g) and h, and i, above may a!so be performed on in—as for 
■ example to make intermediates of formula (II), (HA), (UB), or (V). For example: 

o 



(IIAAj 



K 2 C0 3 , 
Bu 4 NBr 
A. 




NO, 



(IIAB) 



Me' 



Me 
I 

.N 



OH 




O 



(V) 




H 2 ,Pd/C(10%), 
EtOH. 



H 2 N-CN, EtOH, 



Me 



NMe 2 H 
NaOH, 
DMF 



Me OH 




O. 



(IIAC) 



NO, 



Me' 



Me 
I 



OH 




H 



(1IA) 

A preferred process of the invention is Process b). 
10 It wi.l be appreciated Ota. certain of the various ring substituents in the compounds of 

,he present invention may be mtroduced by standard aromatic substitution reactions or 
generated by conventional functional group modifications either prior to or immedtately 
foUowing the processes mentioned above, and as such are included in the process aspect of 



the invention. Such reactions 



and modifications include, for example, introduction of a 
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SUD s,i<uen. by means of an aromatic substitution reason, reduction of substi,uen,s action 
of suborns and ox.da.ion of substituents. Tbe reagents and reaction conditions for such 
procedures are we,. Known in the chem.ca. an. Particular examp.es of aromatic subst.tunon 
actions include the introduction of a ni.ro group using concentrated nitric acid, the 

ahuninium trichloride) under Friede, Crafts conditions; the introduction of an alky, grou 
oafng an alkyl halide and Lewis acid (such as alummium trichloride) under Fnede. Crafts 
ooulons; and the rntroduction of a halo group. Particular examples of modifteattons tnelu 
the action of a nitro group to an amino group by for example, catalytic hydrogenahon wtth 
,0 a nielte, catalys, or treatment with iron in the presence of hydroeh.orie acid with heattng; 
oxidation of alkylthio to alkylsulphinyl or alkylsulphonyl. 

„ will also be appreciated that in some of the reactions mentioned herein tt may be 
oocessary/destrable to protect any sensitive groups in the compound, The tnstances where 
section is necessary or desirable and suitable methods for protection are know, to those 
» ski.led in the art. Conventional protecting groups may be used in accordance w,,h standard 
practice (for illustration see T.W. Green, Protective Groups in Organic Synthes.s, John Wriey 
and Sons, .99!). Thus, if reaetants tnc.nde groups such as ammo, carhoxy or hydroxy ttmay 
be desirable to protect the group in some oftite reactions mentioned herem. 

A sui,»b.e protecting group for an amino or alkylamino group is, for example, an acy. 
20 group, for example an alkanoy. group such as acetyl, an a.koxycarbo„yl group, for examp.e a 
methoxycarbonyl, ethoxycarbonyl or ,-butoxycarbony. group, an ary.methoxycarhony. group, 
for examp.e benzybxycarbonyl, or an aroy, group, for examp.e benzoy.. The deprotectton 
conditions for the above protecting groups necessarily vary with the choice 
group. Thus, for example, an acy. group such as an ajkanoy. or alkoxycarbony, group or an 
25 aroy. group may be removed for examp,e, by hydrops wrti, a suitable base such as an alkah 
metal hydroxide, for examp.e l.tittum or sodium hydroxide. Ahernative.y an acy, group such 
as a ,-butoxycarbony, group may be removed, for examp.e, by treatment with a suitab.e acd 
as hydrochlonc, sulphuric or phosphoric acid or trif.uoroace.ic acid and an 
arylmethoxycarbonyl group such as a benayloxycarbonyl group may be removed, for 
30 example, by hydrogenation over a ca.a.ys. such as paUadium-on-carbon, or by _, wrth 
a Lewis acid for examp.e boron tris(,rinuoroace«a<e). A suitable a..ema,ive proteottng *oup 
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for a primary amino group is, for example, a phthaloyl group which may be removed by 
treatment with an alky.amine, for example dimethylaminopropylamine, or with hydraztne. 

A suitable proleetiug group for a hydroxy group is, for example, an aeyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 
5 arylmethy. group, for example benzyl The deprotection conditions for the above protecttng 
„oups will necessarily vary with the choice of protecting gronp. Thus, for examp.e, an aeyl 
group sneh as an alkanoyl or an aroy. group may be removed, for examp.e, by hydrolysis with 
a suitable base such as an alkali metal hydroxide, for example lithium or sodinm hydroxtde. 
Alternative., an arylmethyl group such as a benzyl group may be removed, for examp.e, by 
10 hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protecting group for a carboxy group is, for example, an esterifytng group, 
for example a methyl or an ethyl group which may he removed, for example, by hydro.ysts 
with a base such as sodium hydroxide, or for example a ,-buty. group whtch may he removed, 
for example, by treatment with an acid, for example an organic acid such as trtfluoroacetic 
„ acid, or for examp.e a benzyl group which may he removed, for example, by hydrogenation 
over a catalyst such as palladium-on-carbon. 

The protecting groups may be removed at any convenient stage in the syntheses usmg 
conventional techniques well known in the chemical art. 

Many of the intermediates defined herein are novel, for example, those of the formula 
20 11 and IV and these are provided as a further feature of the invention. 

ASSAYS . • *•«„ 

As stated hereinbefore the pyrimidine derivative defined in the present mvenhon 

possesses anti-cell-proliferation activity such as anti-cancer activity which is believed to anse 
from the CDK and/or FAK inhibitory activity of the compound. These properties may be 
25 assessed, for example, using the procedure set out below:- 
r pyri .nation Assay 

The following abbreviations have been used :- 
HEPES is W -Hydroxyethyl)piperazine-7V'-(2-ethanesulfonic acid) 

DTT is Dithiothretiol 
30 PMSF is Phenylmethylsulfonyl fluoride 

The compounds were tested in an in vi.ro kinase assay in 96 well forma, usmg 
Scintillation Proximity Assay (SPA - obtainer, from Amersham) for measuring incorporation 
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of [T .33.P ] -Ad« 1 o S i„=Tnphospha le fa «o ates, substrate ( GST-Re.inohlas,oma>. .„ each we!, 
wa !p,aced the compound ,o be tested (diUfted in DMSO ard water to co.ec, concerns) 
md in control wefts either p.6 as an inhrbitor con.ro. or DMSO as a positive contro 
Approximately O.Spl of CDK4/Cyc,in Dl partiafty-purified enzyme (amonn. 

2 „p, of GST-Rb/ATP,ATP33 mixture (containing 0,pg GST-Rb and 0,pM AT and 
O.MpCi [y-33-Pl-Adenosine Triphosphate,, and the resnhing mixtnre shaken gently, then 
incubated at room temperature for 60 minutes. 

To each weU was then added , 5 0pL stop soiution containing (0,mg/weU 
,0 A-PVT SEA bead (Amersham)), 20pM/we„ of Anti-Glutathione Transferase, Rabbtt IgG 
(oto i„ed fiom Modular Ptobes), 6imM EDTA and SOmMHEPES pH 7, contammg 
0 05% sodium azide. 

' The plates were seaied with Topseal-S piate sealers, ,en for two hours then spun a, 

15 The incubation buffer used to dtiute the enzyme and substrate mtxes contatned 50mM 

HEPES PH7.5, ,0mM MnC.„ ImM DTT, iOOpM Sodium vanadate, >00pM NaF, tOmM 
Sodium Glycerophosphate, BSA(lmg/ml final). 

As a control, another known inhibitor of CDK4 may be used ,n place of p!6. 

Test substrate 

20 ln this assay only par. of the retinoblastoma (Sctence 1987 

E.Y.) was used, fused ,o a GST «ag. PCR of re,inob,a,oma amtno ao* 379-928 (o a 

, • i , Trr oLRbRNL) was performed, and the sequence cloned into 
from retinoblastoma plasmtd ATLL pueoicnu-j v ,...•„„. 
pGEX 2T firsion vector (Smith D.B. and Johnson, K.S. Gene 67, 31 (.988); whrch earned 

^regronfor— cWvage-oh^edfiomPhannaciaBio.. ^hwasuaedm 
anrpUfy amino acids 792-928. This sequence was again cloned m.o pGEX 2T. 

The re,inob.as,oma 792-928 sequence so oh«ained was expressed ,n E.Coh (BL21 

(DE3) P LysS cefis ) using standard inducible expression .echniquea, and purifirf - « 
M E co„pas.ewasre S uspendedin 1 0mUgofNETNbuffer( 5 0mMTnspH7,, 1 20mM 

NaO, (mM EDTA, 05** NP-40, ImM PMSF, lug/ml leupepun, iug/m, aprounm and 
(ng/m. peps.a.m) and sonicated for 2 x 45 seconds per 100ml homogenate. After 
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centrifugal, the supernatant was loaded onto a 10ml glutathione Sepharose column 
(Phannacia Biotech, Herts, UK), and washed with NETN buffer. After washing with kinase 
buffer (50mM HEPES pH 7.5, lOmM MgCi2, ImM DTT, imM PMSF, lug/ml leupepttn, 
lug/ml aprotinin and lug/ml pepstarin) the protein was eluted with 50mM reduced 
5 gmtathione ,» kinase buffer. Eracrions containing GST-Rb(792-927) were pooled and dialysed 
overnight against kinase buffer. The final product was analysed by Sodium Dodeca Sulfate 
(SDS) PAGE (Polyactylamide gel) using 8-16% Tris-Glycine gels (Novex, San Dtego, USA). 

TM ant 1 rvrl '" 01 

CT>K4 and Cyclin Dl were cloned from RNA from MCF-7 cell line (obtained ftom 

,0 ATCC number:HTB22, breast adenocarcinoma line) as follows. The RNA was prepared from 
MCF-7 cells, then reverse transcribed using ol.go dT primers. PCR was used to amplify the 
complete coding sequence of each gene [CDK4 amino acids 1-303; Ref. Cell ,992 Oc, ,6; 
7H2)' 323-334; Matsushime H, Ewen M.E., Stron D.K., Kato J.Y., Hanks Si, Roussel 
M F Sherr C.J. and Cyclin Dl amino acids 1-296; Ref. Cold Spring Harb. Symp. Quant. 

,5 Biol.', .991; 56:93-97; Arnold A., Motokura T, Bloom T, Kronenburg, Rudermar, J., Juppner 
H., Kim H.G.]. 

After sequencing the PCR products were cloned using standard techntques tnto the 
insect expression vector pVL1393 (obtained from Invitrogen 1995 catalogue number : 
V1392-20) The PCR products were then dually expressed [using a standard vims Baculogold 
20 co-infection technique) into the insect SF21 cell system (Spodoptera Fmgiperda celis denved 
from ovarian tissue of the Fall Army Worm -Commercially available). 

The following Example provides details of the production of Cyclin D1/CDK4 m 
SRI cells (in TC100 + 10% FBS(TCS) + 0.2% Pluronic) having dual infection MOI 3 for 
each virus of Cyclin Dl & CDK4. 
25 E xample prod nc""" " f Cvclin PI /CDK4 

SF21 cells grown in a roller bottle culture to 2.33 x 10 s cells/ml were used to inoculate 
10 x 500 ml roller bottles at 0.2 x 10E6 cells/ml. The roller bottles were incubated on a roller 
rigat28°C. 

After 3 days (72 hrs.) the cells were counted, and the average from 2 bottles found to 
30 be 1 .86 x 10E6 cells/ml. (99% viable). The cultures were then infected with the dual viruses at 
an MOI 3 for each virus. 
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1 0 x 500ml were infected with JS303 Cyclin Dl virus litre - 9 x 10E7 pfu/ml. JS304 
CDK4 virus titre - 1 x 10E8 pfu/ml. 

CyclinDl IMxIQE^xJMil = 31 ml ofvirus for each 500 ml. bottle. 
0.9 xlO 8 

5 CDK4 1 «/; r 1 ffltt v 500 x 3 = 28 ml ofvirus for each 500 ml. bottle. 

1x10 s 

The viruses were mixed together before addition to the cultures, and the cultures 

returned to the roller rig 28°C. 

After 3 days (72 hrs.) post infection the 5 Litres of culture was harvested. The total 
10 cell count at harvest was 1.58x1 0E6 cells/ml.(9 9 o/ 0 viable) . The cells were spun out at 
2500rpm, 30 mins., 4°C in Heraeus Omnifuge 2.0 RS in 250 ml lots. The supernatant was 
discarded. 20 pellets of ~ 4 x 1 0E8 cells/pellet were snap frozen in LN 2 and stored at -80°C m 
CCRF cold room. The SF21 cells were then hypotonically lysed by resuspendmg m lyas 
buffer (50mM HEPES P H 7.5, lOmM magnesium chloride, ImM DTT, lOmM 
15 glycerophosphate, O.lmM PMSF, O.lmM sodium fluoride, O.lmM sodium orthovanadate, 
5ug /ml aprotinin, 5ug/ml leupeptin and 20% w/v sucrose), and adding ice cold de.omsed 
water After centrifugation, the supernatant was loaded onto a Poros HQ/M 1 .4/100 anion 
exchange column (PE Biosystems, Hertford, UK). CDK4 and Cyclin Dl were coeluted wrth 
375mM NaCl in lysis buffer, and their presence checked by western blot, using suitable 
20 anti-CDK4 and anti-Cyclin Dl antibodies (obtained from Santa Cruz Biotechnology, 
California, US). 

pjpj nntrnl (Mature 366 iTOjbZQTj im Omno M Hannon QL Beach P) 

P 16 (the natural inhibitor of CDK4/Cyclin Dl) was amplified from HeLa cDNA (Hela 
cells obtained from ATCC CCL2, human epitheloid carcinoma from cervix; Cancer Res. 12: 
25 264 1952) cloned into pTB 375 NBSE which had a 5' His tag, and transformed using 

standard techniques into BL21 (DE3) pLysS cells (obtained from Promega; Ref. Studrer F.W. 
and Moffat B.A., J. MoL Biol., 189, 1 13, 1986). A 1 litre culture was grown to the appropnate 
OD then induced with IPTG to express p 1 6 overmght. The cells were then lysed by somcaUon 
in 50mM sodium phosphate, 0.5M sodium chloride, PMSF, 0.5pg/ml leupeptin and 0.5ug/ml 
30 aprotinin. The mixture was spun down, the supernatant added to nickel chelate beads and 
mixed for 1 K hours. The beads were washed in sodium phosphate, NaCl pH 6.0 and P 16 
product eluted in sodium phosphate, NaCl P H 7.4 with 200mM imidazole. 



5 
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The pTB NBSE was constructed from pTB 375 NBPE as follows :- 



nTB375 

The background vector used for generation of pTB 375 was pZEN0042 (see UK paten, 
2253852) and contained the tetA/tetR inducble tetracycline resistance sequence ftom plastmd 
RP4 and the eer stability sequence from p.asmid P KS492 in a P AT153 derived background. 
P TB375 was generated by the addition of an expression cassette consisting of the T7 gene 10 
promoter, multiple cloning site and T7 gene .0 tetmination sequence. In addition, a termmator 
sequence designed to reduce transcriptional readthrongh from the background vector was 
10 included upstream of the expression cassette. 
P TB375 NBPE 

The unique EcoRI restriction site present in pTB 375 was removed. A new mnlttple 
cloning site oontaintng the recognition sequences for the restriction enzymes Ndel, BamHI, 
Pstt and EcoRI was introduced into pTB 375 between the Ndel and BarnH! sites deatroytng 
15 the original BamHI site present in pTB 375. 
p jp nt NBSE 

A new multiple cloning site containing the recognition sequences for the restnetton 
enzymes Ndel, BamHI, Sma, and EcoRI waa introduced into pTB 375 NBPE between the 
Ndel and EcoRI sites. The oligonucleotide containing these restriction sites a!so contamed 6 
20 histidine codons located between the Ndel and BamHI sites in the same reading frame as the 
inititiator codon (ATG) present within the Ndel site. 

By analogy to the above, assays designed to assess inhibition of CDK2 and CDK6 
may be constructed. CDK2 (EMBL Accession No. X62071 ) may be used together wtth 
Cyclin A or Cyclin E (see EMBL Accession No. M73812), and further details for such assays 
25 are contained in PCT International Publication No. W099/21845, the relevant Biochemtcal & 
Biological Evaluation sections of which are hereby incotpotated by reference. 

If using CDK2 with Cyclin E partial co-purification may be achieved as follows:- 
SD1 cells are resuspended in lysis buffer (50mM Tris pH 8.2, lOmM MgCl„ ImM DTT, 
,0mM glycerophosphate, O.ItnM sodium otthovanadate. O.lmMNaF, ImM PMSF, lug/ml 
30 leupeptin and lug/ml aprotinin) and homogenised for 2 minutes in a 10ml Dounce 

homgeniser. After centnfttgation, the supernatant is !oaded onto a Poros HQ/M 1 .4/100 anton 
exchange column (PE Biosystenrs, Hertford, UK). CDK2 and Cyclin E are coelnted a, the 
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beginnings a 0-1M NaCl gradient (run in lysis buffer minus protease inhibitors) over 20 
column volumes. Co-elution is checked by western blot using both anti-CDK2 and 
anti-Cyclin E antibodies (Santa Cruz Biotechnology, California, US). 

FAK -1 Kin»r Inhibitios Assay 
5 This assay determines the ability of a test compound to inhibit tyrosine kinase activity 

of human Focal Adhesion Kinase (FAK). 

DNA encoding FAK is obtained by total gene synthesis (Edwards M, International 
Biotechnology Lab 5(3), 19-25, 1987) or by cloning. These are then expressed in a suitable 
expression system to obtain polypeptide with tyrosine kinase activity. For example, FAK, 
10 obtained by expression of recombinant protein in insect cells, was found to display intrinsic 

tyrosine kinase activity. 

FAK (full length human cDNA descnbed by Andre et al (Biochemical and Biophysical 
Research Communications, 1993, 190 (1): 140-147; EMBL/GenBank Accession Number 
L05186)) was modified such that the resulting protein when translated had a 6-histidine tag at 
1 5 the N-terminus immediately preceding the start methionine. Active FAK protein has been 

previously expressed in a baculovirus system using a similar N-terminal 6-histidine tag (Protem 
Expression And Purification, 1996, 7: 12-18). The human FAK cDNA was cloned into the 
baculovirus transplacement vector, pFastbac 1 (Life Technologies), and the recombinant 
construct was co-transfected into insect cells (for example Spodoptera frugiperda 21 (Sfil)) 
20 with viral DNA to prepare recombinant baculovirus (details of the methods for the assembly of 
recombinant DNA molecules and the preparation and use of recombinant baculovirus can be 
found in standard texts for example Sambrook et al, 1989, Molecular cloning - A Laboratory 
Manual, 2nd edition, Cold Spring Harbour Laboratory Press and O'Reilly et al, 1992, 
Baculovirus Expression Vectors - A Laboratory Manual, W. H. Freeman and Co, New York. 
25 Details specific to the use of the pFastbac ('Bac to BaC) system are provided in Anderson et al., 
1995 FOCUS (Life Technologies Bulletin Magazine), 17, p53.) 

' For expression of biologically active human FAK protein, SGI cells were infected with 
plaque-pure FAK recombinant virus at a multiplicity of infection of 3 and harvested 48 hours 
later. Harvested cells were washed with ice cold phosphate buffered saline solution (PBS) 
30 (lOmM sodium phosphate P H7.4, 138mM sodium chloride, 2.7mM potassium chloride) then 
resuspended in ice cold lysis buffer (50mM HEPES P H7.5, ImM Dithiothreitol, lOOuM 
Sodium Fluoride, lOOuM Sodium Orthovanadate, lOmM Glycerophosphate, lOOuM 
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PMSF being added jus, before use from a fresh.y-prepared ,00mM so.ulion ,„ — ) ustng 
250u, lysis buffer per 10 million cells. The suspend was d» incubated on ,ce for 15 
minute Id centrifuged for ,0 minu.es a. ,3,000 rpm a, 4"C. The supernatant (enzyme stoc > 

.WC *.W«i*«^-«- ' ^"Owilher^ednuenKaC^M 

e,0,%T ri ,onX- l 00,and 

50.nl of freshly diluted enzyme was used for each assay we,l (see PAK3 protocol, be.ow, 

p. pa- ;„ vi<m Fnrynr a"? v Protocol 
10 A slock of subsuale solution was prepared from arandotn copolymer contammg 

cosine, for example Po,y (G.„, Ala, Tyr) 6:3: 1 (Stgma P3899), stored as 1 mg/m, 

PBS at -20°C and diluted 1 in 500 with PBS for plate coating. 

On the day before the assay lOOpl of d.luled subslrale solution was dispensed 

we„ s of assay plates (Mazisorp 96 well immunoplates Life technologies, Cat. No. 439454A, 
,5 „hieh were sealed with plate sealers and left overnight at 4"C. 

were washed once with 200p> PBST (PBS containing 0.05% v/v Tween 20, and once w„h 

200ul50mMHepespH7.4. 

Tes, compounds were made up as lOntM or 30mM stocks in DMSO and then further 
20 dUoledmglassdisolledwalerdlloledtoaeo— ,0 fold high, man «ae finally 
concentration. lOp, of diluled compound was transferred lo we,, in the washed assay plates. 
"N. compound" control we„s contented ,0p. glass disttl.ed water instead of compound. 

Forty microlitres of 25mM manganese chloride containing 6.25pM 
adenosines-triphosphate (ATP) was added to a„ les, we„s. To « * 
25 freshly diluted enzyme was added to each we,, and the p,a,es were incubated a, 23C for 90 
mtnutcs. Then me reaction was stopped by adding lOOp, of PBS contamtng 20mM EDTA. The 
liquid was then discarded and the wells were washed twice wtth PBST. 

One hundred microtitres of mouse HRP-linked anti-phosphotyrosine anttbody (Santa 
Cruz Product SC7020-HRP),d„u,ed , in 1 500 with PBST containing 0.5% w/v bovine serum 

temperature before discarding the liquid and washing the wells twtce wtth 
hundred metres of 2,?-azino^ 
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freshly prepared using one 50mg ABTS .able. (Boehringer 1204 52!) in 50ml freshly prepared 
50mM phosphate buffer pHS.O + 0.03% sodinm perborale (made wi,h 1 phosphate 
citrate buffer wilh sodium perborale (PCSB) capsule (S.gma P4922) per ,00m, disfflled wa.er) 
was added .0 each we.l. Plates were .hen incubated for 20-60 minutes a, room temperature unt.1 
5 ,he absorbance value of the "no compound" contro, wens, measured a, 405nm using a plate 
reading spectrophotometer, was approximately 1 .0. 

Dose response curves were generated from «he absorbance readings using Ongtn 
Software. Compounds were ranked for potency using .he Inhibitory Concenttation 50 (IC50), 
as defined by Origin Software analysis. 
10 Al.hough.he pharmacological properties of .He compounds of the formula (I) vary 

with strucura. change, in genera, activity possessed by compounds of .he formula (!) in Ore 
above assays may be demonstrated a. IC„ concentralions or doses in the range 250 pM to 

1,lM ' When tested in the above ft, vftro assay the CDK4 inhibitory activity of Example 13 
15 was measured as 1C„ - 0.896pM. When tested in ft. above in «» assay the FAK inh.br.ory 
activity of Example 1 4 was measured as IC S „ - 0.366uM. 

The ft. vivo activity of the compounds of the present invention may be assessed by 
standard techniques, for example by measuring inhibition of cel. growth and assessing 
cytotoxicity. For example, further details may be.found in the following references:- 
20 a) Attenunon of the Expression of the Focal Adhesion Kinase induces Apoptosis m Tumor 
Cells Xu L-h et al. Cell Growth & Differentiation (1996) 7, p413.418; 
b) Tbe COOH-Terminal Domain of the Focal Adhesion Kinase Induces Loss of Adheston and 

rr> n it. Yn t h^tnl Cell Growth & Differentiation (1998) 9, 
Cell Death in Human Tumour Cells. Xu L-h et al. Ceil urowin 

p999-1005; 

25 c) Inhibition of p P 125-FAK in Cultured Fibroblasts Results in Apoptosis. Hungerford J.E et 
al The Journal of Cell Biology (1996) 135, pl383-1390; 

d) Inhibition of Foeal Adhesion Kinase (FAK) Signalling in Focal Adhesions Decreases Cell 
Motility and Proliferation. Gilmore A.P and Romer L.H. Molecular Biology of the Cell 
(1996)7,pl209-1224. 

30 Inhibition of cell growth may be measured by staining cells with Sulforhodamme B 

(SRB) a fluorescent dye that stains proteins and therefore gives an estimation of amount of 
protein (i e. cells) in a well (see Boyd, M. R (1 989) Status of the NCI preclinical antitumour 
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n p™ Prac Oncol 10:1-12). Thus, the following details are provided of 
drug discovery screen. Pnn. mc uncoi iu.i j 

measuring inhibition of cell growth:- 

Cells were plated in approve medium in a vo.un.a of ,00,, ,„ 96 we,, plates; media 
w asDu.becco-s Modified Eaglemedia forMCF-7, SK-UT-.B and SK-UT-,. The cells were 

a maximum concentration of ,% DMSO (v/v). A control p,a,= was assayed to g,ve a va,ue 
ce„s before dosing. Cells were incubated a, 37'C, (5% C02) for three days. 

A, the end of three days TCA was added to the plates to a final concentrarton of ,6/. 
(v ,v) P,ates were then incubated at 4°C for , hour, the supernatant removed and the plates 
,0 washed in tap water. Afier drying, ,00p, SRB dye (0.4% SRB in 1% acetic acid) was added 

, an • tps at 37°C Excess SRB was removed and the plates washed in 1 % acetic acid, 
for 30 minutes at 37 l_. txcess oisd „;„„,„ 
The SRB bound ,o protein was solubilised in ,0mM Tris pH7.5 and sha ta for 30 mmu.es a, 
„ .empenature. The CDs were read a, 540nm, and the concentration of inhibitor causing 
50% inhibition of growth was determined from a sem,-.og plot of inhibitor concentration 
15 versus absorbance. The concentration of compound that reduced the optica, density 
« obtained when the cells were plated a, the star, of the expertmen, gave the value for 

'"^Typical 1C„ values for compounds of the invention when tested in the SRB assay are 

in the range ImM to InM. ■ 

According to a further aspect of the invention there is provider, a pharmaceutical 

, • i nmnr i^o a nvrimidine derivative of the formula (I), or a 
composition which comprises a pyrimiumc 

phalceutically acceptable salt or , v,,o bydrolysable ester thereof, as defined hereinbefore 
in association with a pharmaceutical^ acceptable diluent or earner. 

The composition may be in a form suitable for era, administration, for example as a 
25 tablet or capsule, for parenteral iniection (including intravenous, subcutaneous, 1— ular, 
avascular or infusion) aa a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cre*n or for recta, administration as a suppository. 

,„ g enera, the above compositions may be prepared in a conventional manner using 
conventional excipients. 

3„ The pynmidine wiU noimally be administered to a warm-blooded animal a, a unit dose 

within the range 5-5000 mg per souare meter body area of the animal, i.e. approximately 
0 ,-,00 mg/Kg, and this normaUy provides a merapeutically-effective dose. A urn, dose form 
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such as a tablet or capsule wffl usually contain, for example 1 -250 m g of active ingred.ent. 
Preferably a daiiy dose in the range rf WO mgAg is employed. However the daily dose wti, 
necessarily be varied depending upon the host treated, the particul* route of administrate, 
and the severity of the iUness being treated. Accordingly the optimum dosage may be 
. 5 detemrined by the practitioner who is treating any particular patient. 

According to a further aspect of the present invention there is provided a pynmrdme 
derivative of the formuU (D, or a pharmaceutic* acceptable sah or » vivo hydrdysable 
ester thereof, as defined hereinbefore for use ,„ a method of prophylacfic or therapeuhc 
treatment of a warm-blooded animal, such as man; 
10 We have found that the pyrimidine derivatives defined in the present invent,™, or a 

pharmaceutical acceprable sah or ,a v,Vo hydrolysab,e ester thereof, are effective ceh cycle 
inhibitors (anti-ee.1 profiferation agents), which property (without being bound by theory) ts 
behoved ,0 arise from their CDK inhibitory properttes. The compounds a« a,so effective 
inhibitors of FAK. Accordingly the compounds of the present invention are expected ,0 be 
15 useful in the treatment of d.seases or medica, conditions mediated atone or tn part by CDK 
and/orFAKen 2 ymes,i,.«hecompou„dsmaybeusedtoproduceaCDKand/orFAK 

inhibitory effect in a warm-btooded anima, in need of such treatment. Thus the compounds of 
,he present invention provide a method for treating the proliferation and/or migrahon of 
m a,ignant ce.ls characterised by inh.bition of CDK and/or FAK enzymes, i.e. the compounds 
20 may be used ,„ produce an an,i-pro,iferative,migratio„ effect mediated atone or in part by the 
huubdion of CDKs and/or FAK. The compounds may also be useful as FAK inmb.tors by 
inducing cell-dearh (apoptosis). Such a pyrimidine derivative of the invention is expected .0 
possess a wide crge of anti-cancer properties as CDKs and/or FAK have been .mphcated ,„ 
mmy common human cancers such as leuhaemra and breast, lung, colon, rectal, stomach, 
25 prostate, bladder, pancreas and ovarian cancer. Thus it is expected tha, a pyrimid me denvattve 
of the invention will possess anti-cancer activity against these cancers. E is in addmon 
expected that a pyrimidine derivative of the present invention wi,l possess activity agarns, a 
range of leukaemias, lymphoid malignancies and solid tumours such as carcinomas and 
sarcomas in tissues such as the liver, kidney, prostate and pancreas. In particular such 
30 compounds of the invention are expected ,0 slow advantageously the growth of pnmary and 
recurrent solid tumours of, for example, the colon, breast, prostate, lungs and slctn. More 
particularly such compounds of me invention, or a phamraceutieally actable salt or ,„ vavo 
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hydrolysab.e ester .hereof, are expected to inhibit the growth of .hose primary and recurrent 
sohd tumours which are associated with CDK and/or FAK, especially those rumours whtch 
are signif.can.ly dependent on CDK and/or FAK for .heir growth and spread, .nclud.ng for 
example, certain tumours of .he colon, breast, prostate, lung, vulva and aktn. 

5 B is further expected that a pyridine derivative of the present invention wtll p«. 

activity against other ce,.-proliferation/migration diseases in a wide range of other dtsease 
sta.es including lenkenrias, fibroproliferative and differen.ia.ive disorders, psonasts 
rheumatoid arihritis, Kaposi's sarcoma, haemangtoma, acute and chrome nephropathy 
atheroma, atherosclerosis, arterial restenosis, autoimmune diseases, acute and chrome 

,0 inflamma.ion.bonediseasesandocu.ardiseaseswithrerinalvesselproliferanom 

Thus according .o mis aspec. of ,he invention there is provided a pynmtdme dertvattve 
„ f the fomtma CD, or a pharmaceutic* aecep,h,e sal. or „ vivo hydrolysable ester thereo 
as defined hereinbefore for use as a medicament, and .he use of a pyrtmtdtne denvauve of me 
fomtula (.), or a phatmaeeu.iea.ly acceptable saU or in «. hydrolysable ester .hereof, as 
, 5 defined hereinbefore in .he manufacture of a medicament for use in .he production of an 
anti-cancer, cell eyc.e inhibitory (an,i-ee„-pro„fera.ion) effect and/or a FAK inhtbt.ory 
(anti-cel, mixtion and/or apoptosis inducing) effee, in a warm-blooded animal such as man. 
Particularly, a cel, cycle inhibitory effee. is produced a. the S or G.-S phase by tnhtbttton of 
CDK2 CDK4 and/or CDK6, especially CDK4 and CDK6. 
20 ' According to a further feature of this aspec. of the invention there is prov.ded a 

ra ethod for produetng an anti-cancer, cell cycle inhibitory (anti-cell-proliferafion) effect 
and/or a FAK inhtbitoty (anti-cell migration and/or apoptosis inducing) effect tn a 
warm-blooded anima,, such as man, in need of such .reaunen. which comprises adm,n,s,enng 
t0 said anima, an effective amount of a pyrimidtne derivative as defined — ely *ove. 
25 Particularly, an inhibitory effect is produced a, the S or Gl-S phase by inhibmon of CDK2, 
CDK4 and/or CDK6, especially CDK4 and CDK6. 

As stated above the siae of the dose required for the therapeutic or prophylaettc 
of a particular eell-proliferation disease wifi necessarily be varied depending on the 
host treated, theroute of administration and .he severity of the illness betng treated. A urn. 
30 dose inthe range, for example, MOO mg/kg, preferably 1-50 mgficg is envisaged. 

The CDK and/or FAK inhibitory activtty defined hereinbefore may be apphed aa a 
sole therapy or may involve, in addition to a compound of the invention, one or more other 
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stances and/or heatments. Such conjoin. — may be achieve, by way of .he 
simult aneous, seo U e„.ia, or separate administration of .he tndivrdua. component s c. * 
.reatment. fn the »e.d of medica, oncology i. is nonnai pracrice ,o use a combtnatt o 

may cover ftree main categories of therapeutic agenl: 

8, Cher ce„ cye.e inhibitory agenta that wo* hy the same or different mechamsnrs from 
those defined hereinbefore; 

1 .ample — ,e, letrazo.e, voraao.e, exemestane), annprogestogena, anttandrogen 

agonists (for example gosere.in acetate, iuproHde), inhibi.ora 
,5 5a-dihydroreduc,ase (for example ftnaatende), anti-invaaion agents (for exampie 

Up— tnhibitors m m— and inhibitors of uroKnaae p asmtnogen c .or 
lepto function) and inhrbitors of growth factor function, (such growth factors tnCud fo 

20 serine/threonine kinase inhibitors); and 

OH, andprohferarive—aaric drugs and comb.na.tona thereof, as used ,„ medtcai 
oncology, such aa antimetabolitea (for example antifola.es Uk. methotrexate 
nlpyrimidmea Idee S-Ouoronraci,, purine and adenosme analogues, cytoame arabmo ^, 
Ltitulr an.ibio.ica (for examp.e anthracenes m doxorubicin, daunomycm eptrubtctn 

cispladn, carboplatin); abating agents (for example nitrogen muarard, melpha an, 
agents (for example vinca adcaloida Uxe vmcrisitine and taxoida .dee taxol, .axo.ere), 

3 „ amsacrine, topotecan). According to this aapec, of me invention there is provtded a 
p _,ica, prodnc, comprising a pyridine derivative of the fon.u a „ as defined 
Lhrhefore.orapha^^ 
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an addition* ami-tumour substance as defined hereinbefore for the conjoin, treatment of 
cancer. An a„.i-eme,ic may also be usefully administered, for example when using such 
conjoint treatment as described above. ^ 

,n addirion to their use in therapeutic medicine, rhe compounds of fonnula (I) and 
5 Uaeirphan.aceuficanyacccp.abiesa.tsarea.sousem.asphannacotogicattoo.smthe 

devest and standardisation of in «. and in Wvo res, systems for the evaluation of the 
effects of inhibitors of cell cycle activity in laboratory animals such as cats, dogs, rabb.ts, 
monkeys, rats and mica, as part of the search for new therapeutic agents. 

,„ .he above other, pharmaceutical composition, process, method, use and medicament 
,0 manufacture features, the ahernative and preferred embodiments of the compounds of toe 
invention described herein also apply. 

The invention will now be illustrated in the following non limiting Examples, m winch 
aboard tochnim.es Itnown to the skilled chem.s. and technics analogous to those desenbed 
in these Examples may be used where appropriate, and in which, unless otherwise stated: 
, 5 (i) evaporations were earned ou, by rotary evaporation in vacuo and work up procures were 
carried ou. after removal of residua, solids such as drying agents by. filtration; 

operations were carried ou, a, amb.en, temperature, typically in me range ,8-25 C and ,n 
air unless s,ated, or unless ,he skffied person wou,d cherwise opera.e under an atmosphere of 
an inert gas such as argon; 
20 (iii) eo,umn chromamgraphy (by ,he flash procedure) and medium pressure h,u,d 

chromamgraphy (MPLC) were performer, on Merck K,ese,ge, s„,ca (Ait. 9385) or on Merck 
Lichroprep RP-,8 (Art. 9303) reversed-phase silica, oh.ained from E. Merck, Darmstadt, 
Germany; bond e.ute chromatography was performed using Vanan Mega Bond Elu, 
cartridges (.0 g, order code ,225-6034), obtained from Vanan Sample Preparation Products, 

25 California, USA; . 
(iv) yields are given for illustration only and are no. necessarily ,he maximum atiamable 
(v, .he structures of .he end produCs of .he formula (.) were generally confirmed by nudear 
(generafly pro.on) magnetic resonance (NMR) and mass spectra, techniques; proton magnehc 
_e chemical shift values were measurer, in deu.era.ed DMSO-d. (unless o.hetw.se 
30 stated) on the delta scale (ppm downfield from .etramethylsilane) using a Vanan Genum 2000 
apec.rome.er operating a, a field s.re„g.h of 300MHz, or a Broker AM250 spectrometer 
operating a. a field s,re„g.h of 250MHz; and peak multiplicities are shown as follows: s, 
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single,- d double,; dd, double double,; ,, triple,; ,«, triple triple,; q, quartet; ,0, triple quarte,; 
m , m uWp.et; br, btoad; mass spectrometry (MS) was performed by e,ec,rospray on a VG 
platform; 

M) Analytical high performance liquid chromatography (HPLC) was perfonued on a 
5 Hyper*. ,0 cm base deactivated reverse phase column, a, a flow ra.e of 2 ml/minu.e usmg 5- 
,5% ace,oni,rile,wa,er gradient over 10 minutes, de,ee,ion was a, a waveleng.h of 254 nm, 
and data are quoted as retention time (RT) in minutes; 

(vii) imemtediates were no, generally fully characterised and purity was assessed by Ann layer 
chromatography (TLC), HPLC, infra-red (IR), MS or NMR analysis; 
,0 (viii) where solutions are dried magnesium sulphate was the drying agent; 
(ix) Are following abbreviations may be used hereinbefore or hereinafter;- 
DCM dichloromethane; 
DMF yV.N-dimethylformamide; 
DMSO dimethylsulphoxide; 
15 nmp iV-methylpyrrolidin-2-one; 

THF tetrahydrofuran. 

ffyam ple 1 

, n . |ir , H BJ.yj.^^H^^ 

20 pyrimidine , , m 

A solution of 5-bromo.2.chloro-4.(4-me,hoxyphenoxy)pynm 1 d,ne (Method 1, 200 

mg 0 63 mrno!) and 4.[2-hydroxy-3-(« Wime.hy.amino)propoxy]anilme hydrochloride 
(Method 8, 1 56 mg, 0.56 mmol) in NMP (4 ml, was heated a, 100°C for 6 hours. Silica (1 g) 
was added and volatile material was removed by evaporation. The residue was punned by 
25 eo.wnn chromatography, during with 0-10% 2.0M melanotic ammonia solution m DCM, to 
give the product as a colourless solid (173 mg, 56%). MS (MH*); 489, 491 ; HPLC (RT); 4.68. 

Fvamples 2-4 

The following compounds were prepared by an analogous method ,o ,ha, descnbed . 
30 Ex m ,plel,nsing4-[2-hydroxy-3-(N,N-dime,hylamino)propoxy]anilinehydroch.onde 

(Merited 8) and the appropriate 4,5-disnbstim.ed 2-ehloropyrimid,ne (Methods 24): 
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Ex 



R' 



Br 



CI 



R 



H 




OMe 



2.80 (dd, 6H), 3.1-3.25 (m, 2H), 3*5 (m, 2H), 4.25 (m, 
1H), 6.63 (d, 2H), 7.2-7.3 (m, 4H), 7.33 (t, 1H), 7.49 (t, 
2H), 8.45 (s, 1H), 9.57 (br s, 1H), 9.80 (br s, 1H) 



2.17 (s, 6H), 2.2-2.4 (m, 2H), 3.7-3.9 (m, 6H), 4.75 (br s, 
1H), 6.62 (d, 2H), 7.02 (d, 2H), 7.18 (d, 2H), 7.24 (d, 
2H), 8.35 (s, 1H),9.47 (brs, 1H) 



445, 447 



429 



OMe 2.17 (s, 6H), 2.20-2.40 (m, 2H), 3.64-3.90 (m, 6H), 4.68-' 
4.77 (m, 1H), 6.63 (d, 2H), 7.02 (d, 2H), 7.18-7.34 (m, 

4H), 8.38 (d, 1H), 9.28 (s, 1H) 

■ Reaction 'carried out in tetramethylene sulp hone at 1 50"C and proouci 5555 as 
dihydrochloride salt by dilution of reaction mixture with DCM and addition of ethereal 
hydrogen chloride. 



Exam ple 5 

-R T nTnn-9- {4-f3-fi ^"ty1aminoV2- 

pyrimidine 

Ethereal hydrogen chloride (2.0M; 0.57 ml, 1.14 mmol) was added to a solution of 5- 
10 bromo-2-chloro-4-(4-methoxyphenoxy)pyrimidine (Method 1, 200 mg, 0.63 mmol) and 4-[3- 
(i S obutylamino)-2-h y droxypropox y ]aniline (Method 10, 136 mg, 0.57 mmol) in NMP (4 ml). 
The solution was heated at 100°C for 6 hours and silica (1 g) was added. Volatile matenal was 
removed by evaporation and the res.due was purified by column chromatography, elutmg with 
0-10% 2.0M methanol ammonia solution in DCM, to give the product as a colourless solid 
15 (76 mg, 26%). MS (MH + ): 517, 519; HPLC (RT): 6.48. 



WO 01/64653 



-40- 



PCT/GB01/00794 



tty amples 6-10 

The following compounds were prepared by an analogous method to that described in 
Example 5, using 5-bromo-2-chloro-4-(4-methoxyphenoxy)pyrimidine (Method 4) and the 
appropriate substituted aniline (Methods 1 1 -1 5): 



R'R 2 N 




OMe 



Ex 


R' 


R l 


MS (MH + ) 


HPLC (RT) 


6 


cyclopentyl 


H 


529, 531 


6.48 


7 


py 


rrolidino 


515,517 


6.79 


8 


Me 


H 


475, 477 


4.30 


9 


H 


H 


461,463 


3.59 


10 


Et 


H 


489, 491 


4.84 



Tram ples 11-13 

The following compounds were prepared by an analogous method to that described in 
Example 5, using 2-chloro-5-fluoro-4-(4-methoxyphenoxy)pyrimidine (Method 4) and the 
10 appropriate substituted aniline (Methods 1 1, 16 or obtained as described in Pharmazie, 1980, 
35, 278): 



R'R 2 N 




OMe 
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Ex 

IT 



12 



4-acetylpiperazin- 1 -yl 



13 



cyclopentyl 



t-Pr 



H 



NMR 

1.96 (s, 3H), 2.27-2.55 (m, 6H), 3.32-3.45 
(m, 4H), 3.70-3.98 (m, 6H), 4.82 (d, 1H), 
6.35 (d, 2H), 7.03 (d, 2H), 7.12 (d, 2H), 7.30 
(d,2H), 8.37 (d,lH), 9.30 (s,lH) 



1.17-1.78 (m, 8H), 2.40-2.66 (m, 2H), 2.98 
(m, 1H), 3.69-3.89 (m, 6H), 4.86 (br s, 1H), 
6.63 (d, 2H), 7.03 (d, 2H), 7.1 1 (d, 2H), 7.30 
(d, 2H), 8.38 (d, 1H), 9.29 (s, 1H) 



MS (MIT) 

512 



469 



443 



H 0.98 (d, 6H), 1.47 (br s, lh), 2.44-2.75 (m, 

3H), 3.68-3.89 (m, 6H), 4.90 (br s, 1H), 6.63 
(d, 2H), 7.03 (d, 2H), 7.16-7.25 (m, 4H), 8.38 
(d, 1H), 9.39 (s, 1H) 



F.vam ple 14 

^Rrnnia-7-^ - [^-^v^nvv-3.W^irnethvl8minQ)propoxV>Tlilino}-4- 
5 Using an analogous method to that described in Example 1, but starting from 5-bromo- 

2-chloro-4-(phenylthio)pyrimidine (Method 6) and 4-[2-hydroxy-3-W^-dimethylamino) 
propoxy]aniline hydrochloride (Method 8), the product was obtained. NMR: 2.2 (s, 6H), 2.3 
(m, 2H), 3.7 (m, 1H), 3.9 (m, 2H), 4.7 (d, 1H), 6.5 (d, 2H), 7.0 (d, 2H), 7.6 (5H), 8.3 (s, 1H), 
9.5 (s, 1H); MS (MH f )*- 475, 477. 

10 

Sam ples 15-17 

The following compounds were prepared by an analogous method to that described m 
Example 5, using the appropriate 4-subsututed 5-bromo-2-chloropyrimidme (Methods 6-7) 
and the appropriate substituted aniline (obtained as described in Pharmazie, 1980, 35, 278): 



WO 01/64653 



-42- 



PCT/GB01/00794 




Br 



N 



SR 



Ex 


R 1 


R 1 


NMR 


MS (MHl 


15 


Ph 


i-Pr 


" 0.95 (s, 3H), 1 .0 (s, 3H), 2.5 (m, 1H), 2.7 (m, 2H), 
3.8 (m, 3H), 4.9 (s, 1H), 6.5 (d, 2H), 7.0 (d, 2H), 
7.6 (m, 5H), 8.3 (s,lH),9.5 (s, 1H) 


489, 491 


16 


Ph 


t-Bu 


1.1 (s, 9H), 2.8 (m, 2H), 3.8 (m, 3H), 6.5 (a, 2H), 
7.0 (d, 2H), 7.6 (m, 5H), 8.3 (s, 1H), 9.5 (s, 1H) 


503, 505 


17 


thiazol-2-yl 


i-Pr 


1.10 (d, 6H), 2.72 (m, 1H), 2.80-2.95 (m, 2H), 
3.85-4.05 (m, 3H), 6.62 (d, 2H), 7.02 (d, 2H), 7.65 
(d,lH),8.03 (d,lH), 8.16 (s, 1H)' 


496, 498 


'Re 


corded in CDC 


3 





Pre paration pf Stalling Materials: 

5 The starting materials for the Examples above are either commercially available or are 

readxly prepared by standard methods from known materials. For example, the following 

illustration, but not a limitation, of some of the starting materials used in the 



reactions are an 
above reactions. 



10 Method 1 

5 Pr ^ nl ^o. f . b^m.4-r4-mp * h^ v r hf, - nnxv>>nvrimi(iine 

A mixture of 5-bromo-2,4-dichloro P yrimidine (5.0 g, 22.0 mmol), 4-methoxyphenol 
(2 72 g, 22.0 mmol) and potassium carbonate (6.07 g, 44.0 mmol) in DMF (20 ml) was stirred 
for 24 hours. The mixture was added to water (100 ml) and the solid which separated out was 
15 collected by filtration, washed with water (50 ml) and dried under high vacuum to g,ve the 
product (6.6 g, 96o/o). NMR: 3.8 (s, 3H), 7.0 (d, 2H), 7.2 (d, 2H), 8.8 (s, 1H). 
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Methods 2-4 

The following intermediates were prepared by an analogous method to that desenbed 
in Method 1 , using the appropriate phenol and the appropriate 2,4-diehloro-5-halopyrimidine 
(commercially available or obtained as described in Method 5): 




Method 5 

o 4 S-Trichloronvrimidine 

5-Chlorouracil (10.0 g, 68.5 mmol) was dissolved in phosphorus oxychloride (60 ml) 
10 and phosphorus pentachloride (16.0 g, 77.0 mmol) was added. The mixture was heated under 
reflux for 16 hours, left to cool and then poured slowly into water (200 ml) with vigorous 
stirring. The mixture was stirred for 1.5 hours and then ethyl acetate (250 ml) was added. The 
organic layer was separated and the aqueous layer was extracted with a farther portion of 
ethyl acetate (250 ml). The combined extracts were washed with saturated sodium bicarbonate 
15 (200 ml) and saturated sodium chloride solution (200 ml), and then dried. Volatile material 
was removed by evaporation and the residue was purified by column chromatography, eluting 
with DCM, to give the product as a yellow liquid (6.37 g, 51%). NMR (CDC1,): 8.62 (s, 1H); 
MS (MH + ): 182, 184,186. 
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Method 6 

s.Rmrno-2-ch lnrn-4-rphenvlthio^nvrirnidine 

Using an analogous method to that described in Method 1 , but starting from 5-bromo- 
2,4-dichloropyrimidine and thiophenol, the product was obtained. NMR: 7.6 (m, 5H), 8.8 (s, 
5 1H). 

MethodJZ 

<;-Rrnmn-2-ch1nrn-4-Ahiaz o 1y1-^-vlthio > >nvrimidine 

A solution of 5-bromo-2,4-dichloropyrimidine (228 mg, 1.0 mmol), 2- 
10 mercaptothiazole(117mg, 1.0 mmol) and MMisopropylethylamine (0.174ml, l.Ommol) 
in »-butanol (10 ml) was heated at 100°C for 2 hours. Volatile material was removed by 
evaporation and the residue was crystallised from methanol to give the product as colourless 
needles (130 mg, 42%). NMR (CDC1 3 ): 7.65 (d, 1H), 7.99 (d, 1H), 8.44 (s, 1H); MS (MIT): 
307.8,309.8. 

15 

Method 8 

/i-p-H yHrnvv^-W^-di m ^hv^minoWonoxvlaniline hydrochloride 

A solution of 4-[2-hydroxy-3-(M^-dimethylamino)propoxy]nitrobenzene (Method 9, 
3.75 g) in ethanol (40 ml) was catalytically hydrogenated over 10% palladium-on-carbon (0.4 
20 g) overnight. The catalyst was removed by filtration through diatomaceous earth and the 
filtrate was concentrated. The residue was dissolved in diethyl ether containing a small 
amount of isopropanol and ethereal hydrogen chloride (1M, 16 ml) was added. Diethyl ether 
was removed by evaporation and the solid residue was suspended in isopropanol. The mixture 
was heated on a steam bath for several minutes and then allowed to cool. The insoluble solid 
25 was collected by filtration, washed with isopropanol and ether, and dried to give the product 
(3.04 g, 72.4%). NMR: 2.80 (s, 6H), 3.15 (m, 2H), 3.88 (m, 2H), 4.25 (m,lH), 5.93 (br S, 
1H), 6.88 (m, 4H); MS (MH + ): 21 1; C„H l8 N 2 0 2 ,l-6 HC1 requires: C; 49.2, H; 7.4, N; 10.4, 
CI; 21.7%; found: C; 49.2, H; 7.2, N; 10.1; CI; 19.1%. 
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Met!mi2 

y£ H: . fin ,. v ^. (ArA/.dimethv l3mino)r>ro pQ?(v]nitrobenzene 

4-(2,3-Epoxypropoxy)nitrobenzene (obtained as described in Synthetic 

Communications, 1994, 24, 833; 4.3 g) was dissolved in methanol (30 ml) and DMF (10 ml). 
5 A solution of d.methylamine in methanol (2M, 17 ml) was added and the mixture was stxrred 

overnight Volatile material was removed by evaporation and the residue was partitioned 

between saturated sodium bicarbonate (100 ml) and ethyl acetate (100 ml). The organic layer 

was separated and washed with saturated sodium chloride (2 x 100 ml) and dried. 

Concentration gave the product as an oil that slowly crystallised under high vacuum (4.79 g, 
10 89.9o/o). NMR (CDClj): 2.33 (s, 6H), 2.98 (m, 1H), 2.54 (m, 1H), 4.00 (m, 3 H), 7.00 (d, 2H), 

8.20(d,2H);MS(MH + ):241. 

Method 10 

4-^.rT« ; ohi]tvla ^i"")-?-^vdroywropoxYlaniline 

15 Isobutylamine (5.1 ml, 51.2 mmol) was added to a solution of 4-(2,3-epoxypropoxy) 

nitrobenzene (obtained as described in Synthetic Communications, 1994, 24, 833; 1.0 g, 5.12 
mmol) in THF (1 ml). The solution was heated under reflux for 3 hours and then volatile 
material was removed by evaporation. The residue was dissolved in methanol (5 ml) and 10% 
palladium on carbon (0.50 g) and ammonium formate (3.23 g, 51.2 mmol) were added. The 

20 mixture was heated under reflux for 3 hours and then filtered through diatomaceous earth. The 
filtrate was concentrated under reduced pressure to give the product as dark brown oil (1 .22 g, 
100%), which was used without further purification. MS (MH + ): 238.9. 



Methods 11-16 

25 The following intermediates were prepared by an analogous method to that described 

in Method 10, using 4-(2,3-epoxy P ropoxy)nitrobenzene (obtained as described in Synthetic 
Communications, 1994, 24, 833) and the appropriate amine. 

NH 2 




WO 01/64653 



46 



PCT/GB01/00794 



Method 


R' 


R z 


MS (MH + ) 


11 


cyclopentyl 


H 


250.9 


12 


pyrrolidine 


236.9 


13' 


Me 


H 


196.9 


14' 


H 


H 




15' 


Et 


H 


210.9 


16 


4-acetylpiperazin- 1 -yl 

'■ ; , ^..■l-.J 


296.9 



benzylation, the reactions required a further addition of 10% palladium on carbon (0.50 g) and 
ammonium formate (3.23 g). 

5 Example 18 

The following illustrate representative pharmaceutical dosage forms containing the 
compound of formula (I), or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester 
thereof (hereafter compound X), for therapeutic or prophylactic use in humans:- 



10 



(a): Tablet I 


mg/tab!et 


Compound X 


100 


Lactose Ph.Eur 


182.75 


Croscarmellose sodium 


12.0 


Maize starch paste (5% w/v paste) 


2.25 


Magnesium stearate 


3.0 




(b): Tablet II 


mg/tablet 


Compound X 


50 


Lactose Ph.Eur 


223.75 


Croscarmellose sodium 


6.0 


Maize starch 


15.0 


Polyvinylpyrrolidone (5% w/v paste) 


2.25 


Magnesium stearate 


3.0 
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Lactose Ph.Eur 
Croscarmellose sodium 



Maize starch paste (5% w/v paste) 



Magnesium, stearate 





(d): Capsule 


mg/capsule 


Compound X 


10 ~ ~~ 


Lactose Ph.Eur 


488.5 


Magnesium stearate 


1.5 




(e): Injection I 


(50 mg/ml) 


Compound X 


5.0% w/v 


1M Sodium hydroxide solution 


15.0% v/v 


0.1M Hydrochloric acid 


(to adjust pH to 7.6) 


Polyethylene glycol 4UU 


4.5% w/v 


Water for injection 


to 100% 




(f): Injection II 


10 mg/ml 


Compound X 


1.0% w/v 


Sodium phosphate BP 


3.6% w/v 


0.1M Sodium hydroxide solution 


15.0% v/v 


Water for injection 


to 100% 
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, — ■ r 

(g): Injection 111 


nmp/ml buffered to pH6) 


Compound X 


0 1 % w/v 

U. I/O w/v 


Sodium phosphate BP 


2.26% w/v 


Citric acid 


0.38% w/v 


Polyethylene glycol 400 


3.5% w/v 


Water for injection 


to 100% 



Note 



The above fonnulations may be obtained by conventional procedures well known m 
5 the pharmaceutical art. The tablets (a H c) may be entenc coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 
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ciaims 



I A pyrimidine derivative of the formula (I): 




5 

wherein: 



(I) 



q and Ql are mdependently selected from ary, or carbon Imked heteroaryl; and one of 
Ql and Q 2 or both of Q, and Q 2 is substituted on a ring earbon by one substituent of the 
formula (la): 

Y 1 Y 2 
' X \(CH 2 )^(CH 2 )^ Z 

10 (la) 

(provided tha, when present in Q, *e subs.in.en , of fomrufc (la) is - adjacent to the -NH- 

link]; 

15 "^Xis CH- -0- -NH-.-NR-- or -S-[whe r e,nR- is C M a.M,op.ionan y substituted by 
„„e substtnten, elected front halo, atnino, cyano, C„a> k oxy or nydroxy,; 
Y 1 is H, CMalkyl or as defined for Z; 
Y 2 is H or C M alkyl; 

ZisR'O- R-R-N- R'S-.R'R-NNR'-. a nitrogen Hnked heteroary, or a nitrogen Indeed 

20 be— [wberetn said be.erocycie is optionally substituted on a ring carbon or a nng 
20 heterocycteiwn independently 

nitrogen by C M alkyl or CalkanoynwheretnR.R.R.R.R.K . 

„ , n u, on ,,i r cvcloalkvl, and wherein said C M alkyi ana 

selected from hydrogen, C M alkyl, C 2 ,alkenyl, C^cloalKy , 

C M alkenyl are optionally subst.tuted by one or more phenyl; 
ii is 1,2 or 3; 
25 mis 1,2 or 3; 
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Gis-O-or-S-; 

R' is selected from hydrogen, halo, hydroxy, nitro, amino, N-(C,. 3 alkyl)ammo, 
A^-di-(C,. 3 alkyl)amino, cyano, trifluoromethyl, trichloromethyl, CMalkyl [optionally 
substituted by 1 or 2 substituents independently selected from halo, cyano, amino, 
5 AKC, 3 alkyl)amino, A^-di-(C,. 3 alM)amino, hydroxy and trifluoromethyl], C 3 . 5 alkenyl 
[optionally substituted by up to three halo substituents, or by one trifluoromethyl substituent], 
C 3 . 5 alkynyl, C, 3 alkoxy, mercapto, C, 3 alkylsulphanyl, carboxy and CMalkoxycarbonyl; 

Q, is optionally substituted on a ring carbon by one to four substituents independently 
selected from halo, mercapto, nitro, formyl, formamido, carboxy, cyano, amino, ureido, 
10 carbamoyl, sulphamoyl, C M alkyl, C, 4 alkenyl, C^alkynyl [wherein said C,,alkyl, C, 4 alkenyl 
and C^alkynyl are optionally substituted by one or more groups selected from R'], 
C,,alkanoyl, C M alkoxycarbonyl, heterocyclic group, C M alkylS(0), wherein a is 0 to 2 
[optionally substituted by hydroxy], Ar-(C M alkyl)ureido, /^-di-(C M alkyl)ureido, 
Ar-(C M alkylWC M alkyl)ureido,Af'^-diKC M a^ 
15 MiV-di-(C M alkyl)amino, ^-(C M alkyl)sulphamoyl, ^-di-(C M alkyl)sulphamoyl, 
W-C,,alkylcarbamoyl, ^-di-(C M alkyl)carbamoyl and C M alkanoylamino; 

and also independently, or in addition to, the above substituents, Q, may be optionally 
substituted by one to two substituents independently selected from aryl, C 3 . 8 cycloalkyl and a 
heterocyclic group; wherein said aryl, C 3 ,cycloalkyl or heterocyclic group may be optionally 
20 substituted on a ring carbon by one or more groups selected from K; and wherein if said 
heterocyclic group contains an -NH- moiety that nitrogen may be optionally substituted by a 

group selected from R k ; 

Q 2 is optionally substituted on a ring carbon by one to four substituents independently 

selected from halo, hydroxy, mercapto, nitro, formyl, formamido, carboxy, cyano, amino, 
25 ureido, carbamoyl, sulphamoyl, C,,alkyl, C^alkenyl, C 2 ,alkynyl, C M alkoxy [wherein said 

C M alkyl, C 2 ,alkenyl, C 2 ,alkynyl and C,,alkoxy are optionally substituted by one or more 

groups selected from R 1 ], C M alkanoyl, CMalkoxycarbonyl, heterocyclic group, C,,alkylS(0) a 

wherein a is 0 to 2 [optionally substituted by hydroxy], 7V-(C M alkyl)ureido, 

iV'^-di-(C 1 . 4 alkyl)ureido,^-(C M alkyl)-A'-(C M alkyl)ureido, 
30 ^Ar-di-(C M alkyl)-^-(C M alkyl)ureido, AT-C M alkylamino, W-dHC^alkyOamino, 

^(C M alkyl)sulphamoyl, MW-di-(C, 4 alkyl)sulphamoyl, ^-C M alkylcarbamoyl, 
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^-di-(C M alkyl)carbamoyl, C 2 ,alkenyloxy, C^alkynyloxy, C M alkanoylamino and a group 
of formula (la) or (la*) as depicted above; 

and also independently, or in addition to, the above substituents, Q 2 may be optionally 
substituted by one to two substituents independently selected from aryl, C 3 . 8 cycloalkyl or a 
5 heterocyclic group; wherein said aryl, C, 8 cycloalkyl or heterocyclic group may be optionally 
substituted on a ring carbon by one or more groups selected from R"; and wherein if said 
heterocyclic group contains an -NH- moiety that nitrogen may be optionally substituted by a 

group selected from R n ; 

R> and R' are independently selected from hydroxy, halo, amino, cyano, formyl, 
10 formamido, carboxy, nitro, mercapto, carbamoyl, sulphamoyl, A/-C M alkylamino, 

MA/-di-(C M alkyl)amino, C M alkanoyl, C M alkanoyloxy, C,,alkoxy, C M alkoxycarbonyl, 
A/-C M alkylcarbamoyl, A/JV-di-(C M alkyl)carbamoyl, CMalkanoylamino, C M alkylS(0) a 
wherein a is 0 to 2, C M alkylsulphonylamino, N-(C M alkyl)sulphamoyl, 
W M alkyl) 2 sulphamoyl, tf-(C M allcyl)carbamoyl, A/-(C M alkyl) 2 carbamoyl, phenyl, 
15 phenylthio, phenoxy, C, 8 cycloalkyl and a heterocyclic group; wherein said phenyl, 

phenylthio, phenoxy, C, 8 cycloalkyl or heterocyclic group may be optionally substituted on a 
ring carbon by one or more groups selected from R°; and wherein if said heterocyclic group 
contains an -NH- moiety that nitrogen may be optionally substituted by a group selected from 
R p ; 

20 R j , R m and R° are independently selected from hydroxy, halo, amino, cyano, formyl, 

formamido, carboxy, nitro, mercapto, carbamoyl, sulphamoyl, C,,alkyl [optionally substituted 
by one or more groups selected from halo, cyano, ammo, A/-C M alkylamino, 
A/,A/-di-(C^alkyl)amino or hydroxy], C 2 ,alkenyl [optionally substituted by one or more 
groups selected from halo], C 2 ,alkynyl, /V-C M alkylamino, A/,A/-di-(C M alkyl)amino, 
25 C M alkanoyl, C M alkanoyloxy, C M alkoxy [optionally substituted by one or more groups 
selected from halo], C,,alkoxycarbonyl, tf-C M alkylcarbamoyl, A/A-di-(C M alkyl)carbamoyl, 
C M alkanoylamino, C M alkylS(0) a wherein a is 0 to 2, CMalkylsulphonylamino, 
AKC M alkyl)sulphamoyl, iV-(C M alkyl) 2 sulphamoyl, phenyl, C 3 ,cycloalkyl and a heterocyclic 
group; and 

30 R\ R" and R p are independently selected from C M alkyl, C M alkanoyl, 

C M alkylsulphonyl, C M alkoxycarbonyl, carbamoyl, A/-(C M alkyl)carbamoyl, 
M^-(C M alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and pheny Sulphonyl; 
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or a 



pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 



2. A pyrimidine derivative according to claim 1 wherein Q, is phenyl or a 
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

5 

3. A pyrimidine derivative according to either of claims 1 or 2 wherein Q 2 is phenyl or 
thiazolyl or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

' 4. A pyrimidine derivative according to any one of claims 1 to 3 wherein the substituent 
10 (Ia)is3-amino-2-hydroxypropox y) 3-methylamino-2-hydroxypropoxy, 
3-dimethylamino-2-hydroxypropoxy,3-ethylamino-2-hydroxypropox yj 
S-isopropylamino^-hydroxypropoxy^-isobutylamino^-hydroxypropoxy, 
3-^utylamino-2-hydroxypropoxy,3-(4-acetyl P ,perazin-l-yl)-2-hydroxypropoxy^ 
3-cyclopentylamino-2-hydroxypropoxy or 3-pyrrolidin-l-yl-2-hydroxypropoxy or thiazolyl or 
1 5 a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

5. A pyrimidine derivative according to any one of claims 1 to 4 wherein the substituent 
of formula (la) is on ring Q, or thiazolyl or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof. 

20 

6. A pyrimidine derivative according to any one of claims 1 to 5 wherein G is -0- or a 
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

7. A pyrimidine derivative according to any one of claims 1 to 5 wherein G is -S- or a 
25 pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

8. A pyrimidine derivative according to any one of claims 1 to 7 wherein R' is fluoro, 
chloro or bromo or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

30 9. A pyrimidine derivative according to any one of claims 1 to 8 wherein Q 2 is 

unsubstituted or substituted by one methoxy group or a pharmaceutically acceptable salt or in 
vivo hydrolysable ester thereof. 
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10 A pyrimidine derivative according to any one of claims 1 to 9 selected from: 

5 _ brom o-2-{4-[2^^ 

pyrimidine; 

5 5.bromo.2-{442-h y droxy-3Kcyclopentylamino)propoxy]anilino}-4-(4-methoxyphenoxy) 
pyrimidine; 

5-bromo-2-{4-[2-hydroxy-3-(M^-dimeth y lamino)propoxy]anilino}-4- 
(phenylthio)pyrimidine; 

10 s^romo-^^ydh^^ 

5-bromo-2-{4-[2-hydroxy-3-(isopropylamino)propoxy]anilino}-4-(thiazol-2- 

ylthio)pyrimidine; 

or pharmaceutically acceptable salt or in vivo hydrolysable ester thereof. 

15 11. A process for preparing a pyrimidine derivative according to any one of claims 1 to 10 
selected from: 

a) for compounds of formula (I); reacting a pyrimidine of formula (II): 

H 

(II) 

20 • wherein L is a d,splaceable group as defined below, with a compound of formula (III): 

h-g-^qT) 

(III) 

b) reaction of a pyrimidine of formula (IV): 

L 
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(IV) 



wherein L is a displaceable group as 



defined below, with a compound of formula (V): 




NH, 



(V) 



5 c) for compounds of formula (I) where 
" byre actionofa3-memberedheteroalkylringofformula(VI): 



n isl,2or3,m = l,YMsHandY'isOH,NH 2 orSH; 




wherein A 



10 



(VI) 

is O, S or NH; with a nucleophile of formula (VII): 

Z-D 
(VII) 



wherein D is H or a suitable counter-ion 



d) for compounds of formula (I) where 
(VIII). 



X is oxygen; by reaction of an alcohol of formula 




15 



(VIII) 



with an alcohol of formula (IX): 



Y 1 Y 2 
Z ^(CH 2 )^(CH 2 )r 



(IX) 



20 e) for compounds of formula (I) wherein 



inXis-CH 2 -,-0-,-NH-or-S-,Y'isOH,YMsHand 



m 



is 2 or 3; reaction of a compound of formula (X): 
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OH 



LgO- (CH 2 )^S(CH 2 ) n 




(X) 

„ • T e Oisaleavinggroupasdefmedbelow;withanucleophileoffonnula(VII); 
wherein LgO is a leaving g P _ m _ QT _ s , y and Y 2 are H; n is 1, 

f) for compounds of formula (I) wherein X is -CH 2 -, O , Nn 
5 2 or 3 and m is 1, 2 or 3; reaction of a compound of formula (XI): 

LgO- (CHAjBj), 
X 




(XI) 

k • T e Oisaleavin g groupasdefinedbelow;withanucleophileoffonnula(VII); 

wherein LgO is a leaving gr P MH or -S-* Y 1 and Y 2 are H; n is 1, 2 or 3 

g )forcompoundsofformula(I)whereinXis-0-,-NH-or , Y 

10 and m is 1. 2 or 3 ; reaction of a compound of formula (XII): 



R /—x 



H 



(XII) 



with a compound of formula (XIII) 



15 



Z -(CH 2 ),r^(CH 2 )n /L 
(XIII) 



wherein L is a displaceable group as defined below; 

u- u 7 ic H^- hv conversion of a thioacetate gruuy 
h) for compounds of formula (I) m which Z is HS , by 

corresponding compound; 

and thereafter if necessary: nv 

j - the fonnu ia (I) into another compound of the formula (I), 
20 i) converting a compound of the tormuia w 
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ii) removing any protecting groups; 

Hi) forming a pharmaceutical* acceptab.e sal. or in vivo hydrdysable ester. 

n A pharmaceutics, composition which compnses a pyridine derivative of Ore fonruda 

13 A pyrrmtdtne derivative of the fotmu,a (.,, or a pharmaceutical aeeeptab.e salt or ,„ 
v.-. hydrolysabie ester thereof, as Calmed ,„ any one of Cairns ,.0,0, for use ,n a nrethod of 

)4 A pyridine derivative of the formma (.,, or a pharmaceutic^, aeeeptah.e sah or , 
vi v„ hydrdysab.e ester thereof, as Canned in any one of Cairns Uo .0, for nse as a 
medicament. 

15 15 The nse of apynmidine derivative of the formula <I), or a pharmaceutic^ acceptabie 
sl i, or ,n vivo hydrolysabfe ester thereof, as Canned in any one of Cairns , to -0, tn to 

^.ceh-proUferation) effect and/or a FAK inhibitory (anti-ce,, migratton and/or apop.osts 
20 inducing) effect in a warm-blooded animal such as man. 

„ A method fo, producing an anti-cancer, eel, cycle inhibitory (antt-cell-proliferation) 
offec. and/or a FAK inhibitory (anfi-cel. migratron and/or apoptosts indnctng) efTec, ma 

25 ,„ said anima, an effective amount of a pyrimidine derivative as claimed tn any one 
, ,o 10 or a pharmaceutical* acceptab.e sal, or in vivo hydrolysabfe ester thereof. 
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